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FACTORS IN WHOLE AND PART LEARNING A 
VISUALLY PERCEIVED MAZE* 

From the Depnrtmejit of Psychology, Acadiit Univeuily, fPollville, 
Nova Scotia 


Thomas W. Cook 


I. Problem and Procedure 

A recent experiment by Cook, Morrisoni and Stacey indicated that 
ior certain conditions learning a visually perceived maie the part 
method is superior to the whole method. The present study con¬ 
cerns relations between some of the factors that appeared influential 
in determining various trends in their data. An ideal foUow-up 
would vary one seemingly significant factor (holding all otheis con¬ 
stant) in each of several successive experiments. However, as I 
wished to use subjects trained in the earlier investigation, and the 
amount of time available made it possible to carry through only one 
experiment during the balance of the college year, not more than 
one vaiiable could be studied adequately. The variable selected was 
amount of maieual, and novel fcatuies in piocedure were introduced 
chiefly with a view to determining the influence of this factor on 
tlie whole-part problem. In addition, since it appeared to the writer 
that the effect of one variable would be more evident if the general 
results showed a cleai-cut difEeicntiation between the relative econo¬ 
my of whole and part leaining, a number of minor conditions were 
changed simultaneously in directions that seemed likely to give 
the maximum advantage to the part method. The present investi¬ 
gation is thus an outgrowth and continuation of the earlier one. 
The same maze^ was used in both xescarches, although of course 
diffeient patterns were constiucted. The outline of procedure 
which follows accordingly stresses points of difference. Where not 
otherwise indicated details of method were identical 

*Acctptc(\ foi pubhcntion by Carl Murebison of the Editorial Board and 
received m the Editorial Office, March 18, 1935, 

* Thioughoiit this paper “maze” shall refer (m discussing the present ex¬ 
periment) to the adjustable wooden maze described by Morrison and Cook 
(3), and "maze pattern" shall signify any specific combination of correct 
path and blind alleys 
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1. Complexity of Maze PnHerii. The mmz i>.ittcrns were oi 
three sizes: A, B, and C, comprising respectively 12, 24, and 48 
“units” of true path. Each pattern contained twice .as many culs- 
de-sac as units of correct pathway, A, 24 culs-dc-sac; B, 48 culs-dc- 
sac; G, 96 culs-de-sac. 

2. Equation of Piaclicej and of Group and Maze Pathfn Differ^ 
ences for the Part and Whole Methods, and for Alaierials of A, B, 
and G CompleMfy. Twelve maze patterns weic vised, fum each of 12 
(A), 24 (B), and 48(C) units of true path. These patterns were 
learned by all subjects in the order AABBCCCCBBAA, The 12' 
unit patterns were thus in positions 1, 2, 11, 12; the 24-unit pat¬ 
terns occupied places 3, 4, 9, 10; and the 48-unit patterns were 
learned in positions 5, 6, 7, 8. It was expected that since the 
subjects had considerable practice in maxc learning before the present 
experiment, they would have reached the point of iclativcly slow 
descent in the practice curve, and the countcibalanccd oider would 
equate the effect of training for the three sizes of maze pattern.^ 
To equate individual and maze diffcicnccs for the part niid whole 
methods and for the A, B, and C sizes of pattern, and to equalize 
the effects of practice for part and whole learning, onc-linlf of the 
subjects (Group I) learned the patterns in the older PJFff^PP- 
WWPPWWP (P-part, r-=.wholc), while the other half of 
the subjects (Group IT) learned the patterns in the oulci fPPP- 
WWPPWWPPW. Thus Group I learned the first of n given 
pair of patterns (for example, AA) of one complexity by the part 
method and the second pattern of the pair by the whole method, 
while Group II learned the first of the same pair of patterns by the 
whole method and the second by the part method. 

3 The Subjects Eight subjects began work but two were un¬ 
able to finish, and their results arc not included (except in one 
minor connection) in the data presented. As noted above, the 
subjects who completed the experiment wcie divided into two gioups, 
each consisting of one woman and hvo men. Five of ihc six sub 
jects had learned four maze patterns in the earlier investigation. 
The sixth subject had learned two patterns in tlic same experiment, 

•The practice effect from earlier to Inter maze pnltcriin w.as grcaicr tlinii 
‘he important trends arc an conaiueiu in dlrcdion 
that this aimplines rather than obacurea interpretation. 
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and in addition had considerable experience in learning other types 
of mazes. 

4. Siattinff Point of^ Maze Patterns. In the Cook, Morrison, 
and Stacey experiment it was found that the second of the two 
halves of each maze pattern was much the more difficult to learn. 
One factor suggested as a partial explanation of this difference was 
the lack of definiteness of the starting point of the second as com- 
paied with the first half of a given pattern. The latter began 
at the edge of the maze nearest the subject, the former nearer the 
middle of the maze. Learning the first part might tlius be aided 
by a more definite orientation relative to the tracing hand and the 
position of the body To equalize this position factor for the two 
parts of the maze pattern, and also for the whole as compared with 
the part method, each pattern in the present expeiimenl began and 
ended at least five blocks from an edge of the total maze, and the 
starting point was sometimes nearer, sometimes farther, fiom the 
subject than the end of the pattern 

5 Elimination of ReUacing Enots. The use of well-practiccd 
subjects enabled us to introduce a method of preventing retiacing 
enois not feasible in the earlier investigation. An electric bell near 
the subject's hand was in circuit with a battery and a push-button 
switch held by tlie experimenter. As soon as a subject entered a 
unit of path leading back towaid the "earlier” sections of the pat¬ 
tern, the experimenter pressed the button, closing the switch and 
linging the bell Each subject, after definite instructions and a 
period of initial piactice on this specific item of procedure, had no 
difficulty in reversing the direction of hand movement as soon as he 
heard the bell. Strictly speaking, of course, retracing crrois were 
not entiiely deleted, but all possibility of loss of oiientaUon or addi¬ 
tional exploration of earliei parts of the pattem (during that trial) 
weie avoided, since a subject was stopped by the signal befoie he 
went more than one unit in a backward direction. 

6 Emphasis on Eirots Rafhei than Speed Tlie writer’s ob¬ 
servations during the conduct of the earlier expciiracnt showed that 
many subjects who made the poorest records with the pait method 
were trying foi speed rather than avoidance of errois; i.e, they 
went tlirougli the maze "as fast as possible” even in the fiist trial It 
seemed piobable that this was due to a wrong impiession of the 
nature of the maze task, and that subjects would liave a mote definite 
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and uniform orientation toward tlic goal of maze learning if the 
error criterion were emphasized in the instructions. Tlic typewritten 
directions accordingly state that avoidance of errors is al[-iini)ortant 
and speed is not considered. But after a subject had read the in¬ 
structions he was informed casually that 1 had dccidcil to record time 
as well as errors; the latter, however, were of primary importance, 
and every effort should be made to delete them ns rapidly as possible. 
■Whether because oi the chanRc in diiwAions or wmt vjthct inctor, 
the subjects’ method of attack oit each problem showed great im¬ 
provement over the earlier experiment. They were aleit and con¬ 
fident, with no confusion and little excitement, and, thouph attending 
primarily to errors, made very much better lime records than in the 
previous work (Compare Table 2 with 'I'ablc 4 in the Cook, 
Morrison, and Stacey paper.) 

7, Criterion of Learning, Each part or whole maze w.is con¬ 
sidered learned when a subject could trace six successive errorless 
trials. The unusually exacting standard of learning was adopted 
to ensure stabilization of each part before attempting to integrate 
it into a larger whole. 

The items of procedure, to the extent that it was deemed advisable 
for subjects to know thciUj were embodied in typewritten instruc¬ 
tions that follow. 

You are to trace two mazes: one l>y (lie part and one liy ilic 
whole method. 

Only errors ore recorded. Do not try (o hurry. Adopt 
an even rate of movement and atick to it througlioui the experi¬ 
ment Each part or whole maze is considered learned when 
you can trace lix trials in immediate succession vjUhout error. 

Retracing errors will be signaled to you by an electric bell. 

When you hear the bell you are returning lo the starting 
point. Simply reverse your direction. 

The instructions were read silently by each subject and after¬ 
wards explained by the experimenter, and further claiificd by a 
brief period of practice on novel features of the procedure. Otlicr* 
wise, subjects were in Ignorance of the nature and puiposc of the 
experiment. The writer made up the maze patterns before each 
section of the experiment and recorded the number of crrois and 
the time for each trial during the 15-second interval between tliat 
trial and the next. Each maze pattern was learned in a single 
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sitting (massed practice). Two mazes oi A or B complexity were 
learned in one sitting, one by the part and one by the whole method. 
A two-minute interval elapsed between the learning of the first and 
the second pattern Only one maze of C complexity was learned 
in a sitting. 

There was also a minor change in the maze. The upper surface 
of each block was painted dull black. The lighting was kept as 
uniform as possible without a dark room. The whole experiment 
covered a period of five weeks. 

II. Experimental Data. Comparison of Whole and Part 

Learning 

1 The Fifsi Trial, Equating the difficulty of Part I and 
Part II, and the deletion of retracing errors, lead to the discovery 
that the relative economy of the whole and pait methods follows 
different laws in the first trial and in later tiiaU. For the first trial 
Table 1 shows that there is no significant advantage in number of 
errors or speed of tracing for either the part or the whole method 
The only differences worth considering arc for patterns of A com* 
plexity, and these are in the opposite direction from the results of 
later trials 

TABLE 1 

AVERAGE Time in Seconds and Errors tor the Part and Whole Methods 
IN THE First Trial* 


A (12-unit) li (24-uni^ C (48-unit) 


Method 

Errors 

Tune 

Errors 

Time 

Errors 

Time 

Whole 


39.2 




BB 

Part 

13.3 

49 S 






*The values for the part method are the sum of the average errors or 
average time for Part I and Part II, during the initial learning 


Only one conclusion can be drawn from the data in Table 1. 
The factors conditioning a difference in efficiency of whole and part 
procedure do not begin to take effect until the end of the first trial. 
In other words, this difference is a true learning phenomenon which 
does not appear until the gain from the first tracing is applied in the 
second trial. 

2. Later Trials. For (the aveiagc of) trials other than the 
first the superiority of the part method over the whole method is 
convincingly demonstrated in Table 2. All except two values in 
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“percentage of advantage of part over whole’’ are positive. The 
advantage of the part method is greatest in errors, next in time, and 
“least” m trials. Indeed, for A complexity the trial ciitenon favors 
the whole method. Howevei, it should be noted that trials are not 
on a par with time or errors as measures of economy of learning. 
A statement of learning efficiency in "ninnber of trials” assumes that 
the different trials are comparable with one another, and this as* 
sumption is certainly not correct as far as earlier and later trials are 
concerned 

The superiority of the part method is also a function of the size 
of maze pattern. The part method is most advantageous with pat¬ 
terns of medium (2?) complexity, next with the largest, or 48-unit 
{C) patterns, and least with the smallest, or l2-unit {A) patterns. 
By the error criterion with B complexity the part method shows a 
striking superiority The average number of errors is 109 for the 
whole method and 41 for the pait method. When the value for the 
part method is taken as 100, the corresponding value for the whole 
method equals 266, an advantage of 166 per cent for the foimer 

D 

The ciitical ratio (-) is the highly satisfactory one of 5.15. 

Two other critical ratios in Table 2 are sufficiently large to need 
no outside suppoit 3 95 foi the time measure witli complexity B, 
and 5 3 for the erior measure with complexity C. The critical 
latios of 1.8 for eirors with the A patterns and 1 75 foi time with 
the G patterns aie large enough to have some intrinsic significance, 
but aie chiefly of importance because of their lelationship to trends 
consistent thioughout tlie data as a whole 

III Intrrpretation and Discussion 

j 

1 Dtffeiences between the Relative Economy of the Pmt and 
PP'hole Methods in Errors, tn Time, and at Trials. In attempting to 
account for the fact that the relative superioiity of the part over the 
whole method is greatest in eirors, next in time, and least in trials, 
we need only consider eriors and trials, disrcgaiding the “interme¬ 
diate” time measme Following the analysis of Cook, Morrison, and 
Stacey (3), we find the same factors differentiating between the 
relative economy of the whole and part metliods by the “trial” and 
“error” measures. But the changes in procedure have accentuated 
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the intportance o! the first and decreased the importance of tile 

second of tbeir factors. , i r i 

The final (six) trials required to reach the stanilani of learn- 

ing each part ate mcVmleil tn the total tmU for the part method. 
These trmls were of course without effect on the erro. ...easurc, since 
they were errorless. Cook, Morrison, and Stacey found that the me u- 
Sion or exclusion of the three final trials in initial part Icarmiig did 
not significantly aftect their results However, raising the standard 
of learning m our investigation to six errorless trials, and tlic large 
decrease m the total trials requited for learning (due chiefly to the 
additional practice given the subjects), markedly increase the im¬ 
portance of this factor. Indeed, if we subtract six trials from the 
totals for the part method, the latter show a superiority over the 
whole method for trials of 41, 85, and 24 per cent for the /I, ll and 
G complexities respectively. 

b. Relatively few errors as compared with trials arc made in 
integrating the parts after they have been learned separately The 
percentages of the total effort expended for the paU method in com¬ 
bining the parts after separate learning arc, with complexity A, errors, 
35 per cent, trials, 56 per cent; complexity B, errors, 14 per cent, 
trials 42 per cent; complexity G, errors, 20 per cent, trials, 36 
per cent. 


2. Amount of Mateml, 

a. Relative di$culi^ of Part I ami Part 11. In the experiment 
by Cook, Morrison, and Stacey more errors were made and more 
time and trials required for learning Part 31 than for learning 
Part I. It seemed probable, however, that the relation of size of 
maze pattern to the whole-part problem would be clearer if the two 
parts were equal in difficulty. Tabic 3 shows that this Is the case in 


TABLE 3 

Relative Difficulty of Part I and Part II 
Time in seconds 


A 

fl2-u 

nle) 

B 

(24-unit) 

C ( 48 - 11111 O 

Errors 'rime Trials 

Errors 

Time 

Tnala 

Eirora 

Time 

Trials 




Pirat trial 



Part I 7.9 

26 2 


11.9 

31.5 


24.6 71.3 

Part II 5.4 

23.3 


10.7 

35 J 


21 5 80.7 




Later 

trials 



Part I 6.0 

140 

30 

19.0 

661 

7.7 

84.3 371.8 17.2 

Pan U 5.6 

ISO 

3.7 

16.4 

54.5 

60 

72.3 341,2 18.1 
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the present experiment. The differences between Part I and Part 
II are small and variable. 

It will be remembered that two of the changes introduced into our 
procedure (as compared with Cook, Morrison, and Stacey) were 
designed to lessen inequalities between the first and second parts of 
the patterns. These changes were: equalizing bodily orientation by 
staiting each maze pattern at least five “units” from any edge of 
the maze, and the preventing of retracing into Pait I while attempt¬ 
ing to leain Part II. It seems highly probable from theoretical 
considerations and obseivation of subjects’ behavior that both of these 
factors contributed to the greater difficulty of Part II in the former 
experiment, but the part played by each could only be determined 
by holding one factor constant and varying the other, a lefinemcnt 
of method that the amount of time available and the main purpose 
of the expeilment did not justify. 

Relation of the whole-pari pioblem to size of maze pattern. 

1) Initial leafning. Cook, Morrison, and Stacey found 
that one important condition favoiing part learning was the gieatcr 
economy with which a subject learned two “halves” as compared with 
the “whole” of a given pattern The results of the piescnt experi¬ 
ment are entiiely in accord with this conclusion, but the changes in 
procedure have in some respects shaipcncd and claiificd their dis¬ 
tinctions. In particular, equating Part I and Part II brought to 
light another aspect of a trend previously discussed in its bearing of 
the economy of whole versus part learning: the lelation of com¬ 
plexity of mateiial to difficulty is not the same for the first trial as 
for subsequent trials. 

It has been shown (Table 1) that there is no advantage foi either 
part or whole piocedurc in the first trial. In the thiec columns on 
the left of Table 4 the data piesented in Table 1 are analyzed to 
bring out the relation of difficulty of tracing in the first trial to 
size of maze pattern The first column in Table 4 gives the number 
of units of maze pattern for complexities A, D, and C, learned in 
“halves” or in “wholes.” The first numbei of cacli pair (e.g., 6 
under A) refers to the “part” learning. The second column gives 
the avciagc errois and average time as in Table 1 The third column 
shows the “crrois pei unit” and “time per unit,” obtained by dividing 
the number of units of maze pattern (column I) into the average 
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TABLE 4 

REI/ATION RETWEKN CoMPLEXflY AND DIFFICULTY FOR THE I* IR8T IrIAL AND 

FOR. Later Triau Time in Sfmim*? 


First trial Later trials 


Units in 
pattern 

Avernge 

errors 

Errors 
per unit 

Average 

errors 

I.rrora 
per unit 


A 

A 


(, 

(,M 

119 

5 8 

97 

12 

10,6 

.S8 

26 3 

2 19 


B 

1) 

12 

113 

.94 

17.7 

1 IS 

24 

22.2 

93 

1090 

1.54 



C 

C 

24 

23,1 

96 

78 3 

3,26 

48 

49,8 

104 

321-0 

6.75 


Average 

Time per 

Average 

'i’iinc 


time 

unit 

iirnc 

per uiiil 


A 

// 

6 

247 

41 

16.0 

2 67 

12 

39 2 

33 

94 1 

7U 



B 

n 

12 

33.5 

29 

60 3 

5.02 

24 

65 7 

2.8 

395.0 

1646 



C 

a 

24 

76 t 

32 

352 0 

11 67 

48 

149.5 

3 1 

1350.8 

28 14 


errors or average time (column II). The latter mcthoil of treating 
the data follows Scott and Hcnmnger>® and is designed to reveal any 
tendency for the difficulty of learning to increase more nr less rapidly 
than the size of maze pattern. If difficulty increases more rapidly 
than size of pattern the errors per unit or time pci unit sliould show 
a constant increase. It is apparent that nothiiiK of tlic sort occurs 
in the first trial. The number of errors and number of seconds 
per unit arc fairly constant for Loniplcxitics of pattern from 6 to 
48 units, that is, the difficulty of maze tracing in t)ic first trial is 
directly proportional to the size of the pattern. 

The two columns on the right of Table 4, which slio>v n similar 
treatment of the data for trials subsequent to the first, tell n very 
different story. For both errors and time tlie increase in difficulty is 
much more marked than the increase in size of maze pattern. The 

“These nuthota (12) give ‘'ctroia per cuUde-sne” nml "lime per cul-iic- 
89c” However, aa the nutnber of cids-de-sflc in oiir miuc pniternH is nUvnys 
twice the number of units of true path, oiir method is cssentinlly idctiticn) 
with tneits 
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most reliable comparisons arc between the part and whole learning 
for mazes of any given complexity, since these are most accurately 
equated for piactice and day-to-day vaiiability in individual efficiency, 
and the same patterns are learned by both part and whole methods. 
For the /I patterns the 6-unit paits arc learned with an average of 
5.8 errors, wliile tlie 12-unit wholes show an avciage of 26.3 errors; 
that is, doubling the size of maze pattern conditions a 4.5 times in- 
ciease in difficulty. Foi the C (48-unit) patterns the ratios are 
about the same: the halves are learned with slightly less than onc- 
quaiter of the numbci of errors made in mastering the whole 
pattern. With complexity B the increase in difficulty is even more 
dispiopoitionatc to the increase m size The 24-unit patterns show 
about six times as many criois duung whole learning as during pait 
(12-unit) Icaining The column on the extreme right gives the same 
data in errors per unit. Thus for complexity /I the ciiois incicasc 
roughly twice as lapidly (.97 to 2.19) as the size of the pattein. 
The icsults foi time paiallel tliosc for cnois, except tliat the incieasc 
in difficulty is relatively greater from the parts to the wholes of the 
A patterns. 

Althougli tlic most valid comparisons for different complexities of 
maze pattern (witliin oui data) are between the parts and wliolcs 
of the same mazes, it is of Intciest to consider tlic interrelations of 
size and difficulty between the /I, B, and C patterns. Heic we 
find an inteiesting discrepancy Compaiing the 12-unit wholes of 
the A patterns with the I2-unit pans of the B patterns, and the 24- 
unit wholes of the B patterns with the 24-unit parts of the C patterns, 
we note a dccicase in cirors per unit and time per unit as we go 
fiom the A to the B or from the D to the C patterns In each 
instance the parts of the laigcr patteins arc learned with less expen- 
dituie of effoit than the wholes of the smaller patteins, though both 
liavc the same number of units. The eriois per unit are 2 19 for tlie 
12-unit A patterns and 1.48 for the 12-unit B patterns, 4 54 for the 
24-unit B patterns and 3.26 for the 24-unit C patterns In default 
of adequate methods of estimating the difficulty of different units of 
maze pattern any explanation of this trend can be little better than 
a guess It may mean that I did not succeed in securing comparable 
patterns oi equalizing the practice effects foi tlic A, B, and C com¬ 
plexities, or may be due to some factor as yet unanalyzed ^ 

* One guess would be that subjects were moic highly motivated and more 
confident when told that a given pattern was a "part” ratliei than a ‘‘whole *' 
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The significance of the "law of diminishing returns’’ for the com¬ 
parative economy of the part and whole methods is, bowevej, clearly 
evident m our data Two parts are learned with one-quarter to 
Qfie-third the errors or time needed in learning the same patterns 
as a whole Evidently breaking up a complex pattcin into more 
manageable divisions is one of the features of part learning responsi¬ 
ble for its relatively high efficiency in visual maze learning The 
results also suggest that there is a most favorable amount of material 
tor rapid learning, and, conversely, a point in the complexity scale 
immediately above which the law of diminishing returns operates at a 
maximum. In the present experiment 12 units is the most eco¬ 
nomical "part," since learning a 24-unJt pattern m I2-unjt halves 
results in a relatively greater gain in efficiency than is obtained by 
dividing a 12'Unit pattern into 6-unit sections or a 48-unit pattern 
into 24-unit parts This factor is partly responsible for the relatively 
greater auperiority of the part method with the B (24-unit) patterns 



FIGURE 1 

AveaAOB Errors in tub Fww Eight Trials of Part and Whole Learnino 
B {24-UNIT8) Maze Pattbrns 

Figure 1, which gives the average errors for the first eight trials 
With the B (24-unit) mazes, may serve to illustrate the difference 
between the course of error elimmation in pait and whole learning 
In Figure 1 the solid line shows the average errors per trial for the 
whole pattern, the dotted line the sum of the average errors for 
Part I and Part II of the same mazes The conditions under 
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which the data were obtained thus dilFer only in that the solid line 
represents the course of eiror elimination trial by trial when the 
mazes are traced as a whole, and the dotted line indicates the course 
of error deletion when the same patterns aie traced in two parts. 
Since (Table 1 and Tabic 4) the average errors on the first trial 
are the same for part and whole learning, the two curves in Figure 
1 start from the same point. But in the second trial only two-thirds 
as many errors are made in part as in whole learning, and the 
difference between the relative economy of the two methods becomes 
more marked with cadi successive trial until in trial 8 the average 
errors for part learning is 83, approximately one-eighth of the 6.33 
errors made m the same trial by the whole method. The course of 
error deletion for complexities A and C shows a similar, but slightly 
less marked differentiation between the two methods ® 

In the present connection it is of interest to note that the per¬ 
centages of errors made in successive sixths of the trials differ 
markedly for the 6-, 12-, 24-, and 48-unit maze patterns. These 
percentages, computed according to the form of the Vincent method 
outlined by Hunter (6), appear in Tabic 5 The first trial is of 
course not included. 


TABLE 5 

PCRCEN'rAGBS OF ERRORS MrtOC IH SaCCCSSlVC SlYTUS OP TIlC loTAL TRIALS 


Percentage 
of trials 

A fI2-umt) 
Part Whole 

B (24-«n!t) 
Part Whole 

C (48-unit) 
Part Whole 

0- 16,6 

26 

42 

33 

42 

41 

46 

16 7- 33.3 

21 

23 

23 

23 

24 

24 

33 4- 49.9 

IS 

14 

16 

14 

15 

16 

50.0- 66.6 

1+ 

7 

10 

11 

9 

7 

66 7- 88,3 

12 

6 

9 

5 

6 

4 

88 4-100 

12 

6 

9 

5 

6 

3 


In Table 5 the most valid comparison, between the same patterns 
learned as "halves" or “wholes," 6 with 12-unit in A, 12 with 24- 
unit m B, and 24 with 48-unit in C, shows that the "parts" are 
learned in every case with a smaller percentage of eirors in the first 
sixths and a larger percentage of errors in the last sixths of the 
total trials. Since the trend is consistent throughout, it may be 


‘On this account only one graph is presented 
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illustrated by a comparison of 12- and 24-un\t learning for com¬ 
plexity B, Here we find that with 12-unit part learning 33 per cent 
of the errors are made in the first sixth of the total trials, as against 
42 per cent of the errors occuring in the first sixth of 24-unit 
"whole” learning. On the other hand, 18 per cent of the errors 
are made in the last third of the trials in 12-unit learning, in con¬ 
trast with 10 per cent of the total errors found m the final thud of 
the 24-unit learning trials. 

However, although it is of interest to discover tliat tlie data for 
Visual maae learning do not follow the Kjerstadt-Robinson Law 
(5), the Vincent method, because it obscures the course of error 
elimination, is not so satisfactory for our purposes as the trial-by-trml 
comparison m Figure 1. 

The average number of trials needed to attain the ability to trace 
patterns of a given complexity six times in succession without error 
was, for the three comparisons of part and whole learning: A, fi-unit, 
3.4 trials, 12-unit, 8.9 trials; B, 12-umt, 6.9 trials, 24-unit, 20.6 
trials; C. 24-unit, 17,7 trials, 48-unlt, 31.8 trials. Just what does 
this signify regarding the relation between mcicase in niirabcr of 
trials and increase in complexity? By Scott and Henningci’s method 
of computation, the trials per unit would be .5? for the 6-unit paits 
and .74 for the 12-unit wholes of the A patterns (12). This might 
be interpreted to mean that the number of tilals increases only 30 
per cent more rapidly than the size of the pattern. On the other 
hand, Robinson and Heron’s measure of "number of units presented” 
gives 204 for the 6-unit and 106^ for the 12-unit patterns (11). 
This seems to indicate that the latter axe five times as difficult as 
the former. Part of the possibility of conflict heic arises fiom the 
ambiguous nature of the word "trial,” When a subject traces each 
of the 6-un.lt halves of a 12-umt pattern once, shall we call this 
one trial or two’ In computing the total trials foi the part method 
It is customary to take the whole pattern as a standard, and call 
each part tracing one-half (or one-quarter, etc ) of a trial It 
seems to the writer that this js the more illuminating approach licre, 
since it makes the tnnls and errors criteua comparable. Thus the 
important thing in regard to trials with (for example) complexity B 
IS just the fact that subjects need on the average only 6.9 tracings 
of each of the 12-unit parts, and require 20 6, or about three times as 
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many tiacings of the same pattet ns vAxta they are learned in 24-unit 
“wholes.” 

2) Combining the parts after they have been learned 
separately. That the relative difficulty of combining the parts after 
separate learning is, to some extent, also a function of the size of 
the maze pattern is shown m Table 6, which presents the errors, time, 


TABLE 6 

Errors, Time, and Trims for Comdiwing the Parts after Separate 
Learning. Time in Seconds 



A (12-unit) 

B (24-iinit) 

C (48-unit) 

Average errors 

54 

5 7 

35.4 

Errors per unit 

45 

.2+ 

74 

Average time 

25.6 

55 6 


Time per unit 

213 

233 

5 33 

Average trials 

3 0 

4.2S 

9.2 


and trials lequired to integrate the parts, for the Aj B, and C pat' 
terns The differences between the relative difficulty of combining 
the parts of the 12-unit {A) patterns and the parts of the 24-unit 
{B) patteins are piobably not of great significance The average 
errors are 5 4 for ^ and 5 7 foi and the tianslation of tliese 
values into eirors pei unit gives .45 foi A and .24 for B, which 
seems to indicate a diop in relative difficulty of combining the parts 
m B as compared with A patterns However, the average time of 
25 6 seconds for the A patteins and 55.6 seconds for the B patterns 
shows about the same average time per unit (2.13 to 2 33) for the 
12- and 24'unit patterns, and the number of trials lequired for 
combining the paits rises from 3 0 m zf to 4.25 in B, On the other 
hand, between the 24-unit (B) patterns and the 48-unit (C) pat¬ 
terns the increase in difficulty of integrating the parts is much greater 
than the increase in complexity Six times as many errors are made 
and five times as much time is needed to combine the C patterns 
The average errors per unit increase from .24 with B to .74 with G, 
and the time per unit fiom 2 33 seconds with the foimer to 5 33 
second** with the latter In addition, 9 2 trials are required for 
combining two 24-unit parts into a 48-unit whole, but only 4.25 
trials tor combining two 12-umt parts into a 24-unit whole An¬ 
other fragment of evidence m the same connection is that of the 
12 attempts at integrating the parts for each size of maze pattern.; 
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the patterns were combined twice, tlw B patterns five times, and 
the C patterns only once without a single error. 

3. Brattice. While it is impossible wholly to separate tlic prac¬ 
tice lactor irom the effects of other changes in procedure, it is 
highly probable that the greater superiority of the part method in 
the present experiment (as compared with Cook, Morrison, and 
Stacey) is to some degree due to the additional tiaining given the 
subjects. However, there is at least one limitation to the principle 
that part learning is favored by practice. Apparently one aspect of 
training is improvement m ability to handle larger amounts of ma¬ 
terial with maximum efRciency, both in initLal learning and later 
integration of the parts into a larger pattern. Cook, Morrison, and 
Stacey found the fi-unit parts more economical for unpiacticed sub¬ 
jects, but some indications that their “practiced" subjects could learn 
the 12-unit parts most efficiently. In the present experiment with 
more highly practiced subjects the greater relative economy of the 
12-unit parts (S patterns) is unequivocal. They are strikingly su¬ 
perior not only to the 6-umt parts i^A patterns) but to the 24-unit 
parts (G patterns) as well.® 

The order m which the three sizes of maze pattern were learned 
{AABBCGCGBBAA) makes it possible to study tlie practice effect 
from earlier to later “pairs" of patterns of the same complexity, and, 
since the part and whole methods are equated for practice within 
each pair of patterns, to see whether practice has any differential 
effect on the relative efficiency of the part and whole procedures in 
the earlier and later pairs of the A, B, and C patterns. Table 7 con¬ 
tains data for such a comparison, from which we find that’ (1) 
There is a large practice effect from earlier to later pairs of maze 
patterns of the same size, for both the part and the whole methods. 
Moreover, the practice effect is greatest (407 to 12.0 average errors 
in whole learning and 24.5 to 97 in part learning) for the A pat¬ 
terns, which were learned first and last; next for the B patterns, 
which have only four (C) patterns intervening between earlier and 
later parrs; and least for the pairs of G patterns, which were learned 

‘Thus Cook, Morrison, and Stacey (3) found that with 24'Uiiit patterns 
the part method by the error criterion showed 21 per cent superiority with 
subjects and per cent superiority with practiced subjects. For 
like (o) patterns my subjects were 166 per cent superior in errors with pari 
procedure. 
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TABLE 7 

Comparison of Average Errors for Part and Whoie Methods in the First 
AND Last Two Pairs or Maze Pattfrns or A, B, and C Com- 
pLExiTY. The Homan Nomeraia Iwdicatf the Order 
IN WHICH THE PAITERNS WERE LEARNED* 


A (12-onit) B (24-iimt) C (48-unit) 

V-VI XV-XVIVII-VIII XIII-XIV IX-X XI-XII 


Whole method 

40 7 

12 0 

138 

80 

366 

282 

Part method 

24 S 

9.7 

52 

30 

220 

165 

Pcicentnge of ad¬ 
vantage of part 
over wliole 

6S% 

24% 

165% 

167% 

66% 

77% 


*Ma 2 e patterns I to IV were used in the experiment by Cook, Morrison, 
and Stacey (3), 


In immediate succession. (2) Practice tends to make the smallest 
parts less economical and the largest parts more economical. The 
superiority of the pait method declines from 65 to 24 pei cent from 
the first to the second paii of A patterns, and increases from 66 to 
77 per cent from the earlier to the later learned C patterns. The 
lack of any change m the relative part-whole efficiency for the B 
patterns (165 and 167 pei cent) may mean that the 12-unit parts 
were slightly too large to give maximum economy by the part 
method with mazes VII and VIII, and slightly too small to give 
maximum efficiency when the subjects have the additional practice 
gained before tracing patterns XIII and XIV. 

4. Recency and Reitaactive Inhibition. During the first trial in 
seven of the 13 attempts at combining the parts of the 48-unit pat¬ 
terns no eriors were made in Part II, while a total of 72 (mean, 
10 3) occuircd m Part I The other sue cases include (a) Subject 
Cj Maze XI, no errors m the act of integration, (/») thiee cases 
m which the diffeiences m the numbci of first trial errors between 
Part I and Part II were negligible (9 to 8, 5 to 3, 1 to 1), (c) 
Subject Gj whose results do not follow the general trend. In 
combining the paits of Maze XI, G made tvFO errors in the first 
half and six eirors in the second half of the pattern during the first 
trial. In integrating Maze XI all of G*s crrois weie at the junction 

^The errors made in combining the A or the B patterns were not recorded 
separately for part I and part II With the C pattcins the 13 "attempts’' 
include one pattern each by the two subjects who did not complete tiic ex¬ 
periment, and exclude maze X for subject F, whose three errors on the 
drat combining trial I failed to note separately for part I and part II. 
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oi the two parts Incidentally, G is the only subject wiio found 
specific difficulty, with the C patterns, in connecting tlie end of Part 
I with the beginning of Part II. 

Although Part I was learned before Part 11, it is cxtiemcly un¬ 
likely, especially in vitw of the overlearning fiom six enorlcss tiials, 
that the “impression” would suffer any great loss from “fading’* 
during the period elapsing fiom the learning of Part I and the act of 
integration a few moments later The great preponderance of errors 
in Part I during the fiist attempt at combination is probably due 
to retroactive inhibition from the interpolated learning of Part II. 

It is of interest to note also that all subjects except G (and, of 
course, G on Maze XI) made many more errors in Part I (367) 
than in Part II (93), during the trials needed for the total act of 
combining. 

5. Individual Dtffeiettces. There are indicationi. in oui data 
that individual differences in ability condition the relative economy 
of whole versus part learning of a given pattern. Tlic results sug¬ 
gest that these differences arc not in the direction of an absolute 
superiority of whole over part or part over whole learning, but in 
the size of the “most economical unit” for rapid learning, However, 
as we have only one sample of a subject's behavior foi any given 
condition of practice, maze pattern, and method of learning, detailed 
discussion of individual differences between out subjects would be 
valueless. 

IV, The Present Status op the Whole-Part Problem in 
Maze Lsarking 

1. The Scope and Limits of the Problem, The woik of Cook, 
Morrison, and Stacey and the present experiment represent the be¬ 
ginnings of a research project designed to test the validity of the 
writer’s “discovery*’ (from application of the “two-type” theory of 
learning to the existing experimental data) of a dual pattern of 
interrelationships between factors conditioning the relative economy 
of massed and distributed practice (2) This experimental piogram 
has not yet been carried far enough to make it advisable to discuss 
the bearing of the results on basic hypotheses However, as oui ex¬ 
periments were planned (in the narrower sense) with a view to 
finding the causes of certain apparent discrepancies betweea the data* 
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of earlier workers on the whole-part problem, some attempt will be 
made to evaluate tlie relations between our data and their results. 

In the subsequent discussion I shall amfine myself to experiments 
on maze learning. Maze learning is usually included as a sub-class 
under motor learning, and m McGeoch’s summary and discussion of 
the whole-part problem is considered along with the experiments of 
Barton (1) on typing and Crafts on card-sorting (7). It seems to 
me, howevei, tliat the similarities and differences between maze 
learning and othei foims of "motor” leaining are too little under¬ 
stood (especially in view of the paucity of data) to do more than 
confuse the issue Indeed, it might be argued that psychological 
processes akin to those involved in maze learning should be looked 
for rather in rational pioblcm-solving or reading difficult prose than 
in such a foim of motor learning as card-soiling 

In considering the work of Barton (1), Hanawalt (5), and Pech¬ 
stein (10), the only investigators of the whole-pait pioblem using 
mazes as material, I shall restrict myself to the data for (adult) 
human subjects,® and to the whole versus the "pure part” procedures, 
since these were the only methods compared in our cxpciiments. 

2 Hanaioali^s Gjiticisms of Pechstein Some justification may 
be needed for placing Pechstein’s results on a par with those of the 
othei experiinentcis, since Hanawalt seems inclined to think tliat 
Peclistcin's data are invalidated by ceitain supposed defects in his 
pioccdurc Apart fiom minor factors such as lack of control of 
illumination and possible distraction of the subjects by the experi¬ 
menter’s presence, thice major “flaws” aie indicated 

a. The sixe of Pechstein s maze. "His maze was so small 
that the whole of it can scarcely be considcicd a leainiiig problem 
sufficiently difficult for adequate testing and compaiison of methods, 
and certainly any one of the parts taken sepaiately cannot be so 
considered” (4, p. 8). This objection is pointless unless one is 
seeking for an absolute "whole” or "pait” method Tiie i elation of 
size of pattern to the whole-part problem is one impoitant aspect of 
the situation 

i. Peclisteini subjects weie itnpiaciiced Picliminaiy tiain- 
ing is without doubt desirable, but we have found reason to suspect 
that (with massed piacticc) experience may increase rather than 
decrease the advantage of part procedure. 

‘Pechstein's and Hanawalt’s results are very similar for rats and humans 
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c The parts of Pechsteins maze wete much alike Hana- 
wfllt considers similfinty between tbe parts undesirable and planned 
her maze patterns to avoid it. At most, howevei, the degree of 
likeness between the successive parts can only be legarded as a differ¬ 
ence in method between the two investigations, since Pccfistcin aimed 
at a high degree of similarity. 

d, Small size of groups. A more serious defect of Pech 
stein’s method (not mentioned by Hanawalt) was the small size of 
his groups. Groups of six, when only one sample of a subject’s 
behavior is taken, are extremely unlikely to give reliable results. 
However, we must not overlook the magnitude of the diftcrences 
that Pechstein found between the cffidency of the pait and whole 
methods under various conditions. Thus the average errors in one 
set of comparisons were: whole method (returns prevented), massed 
practice, 204, distributed practice, 81; part (“total part*') method, 
massed practice, 107, distributed practice, 237 (10, p. 77). Differ¬ 
ences of this order, even if laclnng statistical reliability, make us 
suspect that some essential factors are emerging. 

3. Evaluation of Fcietors and Combinations of FactoTS, 
a. Massed versus distubuted repetitions. All the available 
evidence supports PechsteiVs conclusion that massing of repetitions 
is in general favorable to (“total”) part learning, although the 
present investigation indicates that the amount of this advantage 
vanes with the size of the maze pattern. Tlic thiee subsequent 
studies using massed piartice, by Barton, Cook, Morrison, and 
Stacey, and the writer, ill find part learning more economical. It 
is true that Barton's procedure was not wholly “massed.'' Indeed, 
McGeoch labels it "distributed.” What Barton actually did was 
to have a constant 15-min.ute practice period once a day, for both part 
and whole learning. It is evident that this is neither entirely massed 
nor entirely distributed procedure. But in my opinion 15 minutes 
of concentrated learning is sufficient to allow the factors favored by 
massed repetitions to make a large if not n maximum contribution. 
A more serious consequence of the fact that Barton had practice 
periods of equal length for the part and the whole method was that 
the number of “part" or “whole” triah in a given piactice period 
was necessarily unequal. The number of repetitions in 15 minutes 
of massed work was much greater with part than with tvhole learn- 
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ing. On the other hand, in one phase of part learning Barton 
distributed both time and repetitions Each part was (presumably) 
learned on a different day, and the act of combining was thus 
affected by at least a 24-hour interval between the learning of each 
of the separate parts. 

It might be said further that the repetitions in our experiments 
were not wholly massed, since a 15-second interval elapsed between 
trials.® One must remember, however, that time is not a “cause,” 
but a variable in which effective factors can opeiate. Whetlier a 
given method is favorably or unfavorably affected by a time interval 
depends upon the pioccsses that occur during that interval. Oui 
primary interest has been with the influence of length of time 
between repetitions upon development or loss of insight. It seemed 
unlikely (and pichminary tests contra-indicated) that a “just emerg¬ 
ing” or newly acquired configuiation would be adveiselv affected by 
intervals between trials of less than a minute, and highly probable 
that such novel and unstable insight would suffer from fading or 
inhibition of the “impression” over long time intervals (as of 24 
hours). 

Conceining the obverse issue, nothing in the results of otlier ex¬ 
perimenters conflicts with Pechstein's finding that distribution of 
repetitions favors whole learning, although here, as elsewhere, amount 
of material and practice are piobably important factors. Except 
Pechstein, who compared the part and whole methods for both 
massed and distributed proccduie, Hanawalt is the only investigator 
whose pioccdure I would call distributed Hanawalt’s otherwise 
astounding combination of massing and distribution of repetitions is 
understandable when we note that her aims included the comparison 
of rat and human learning (rats cannot learn a complex maze with 
massed practice), and that she (in common with Barton) thought it 
more desirable to equate woiking time than repetitions Hanawalt 
accordingly gave her subjects two trials a day by the whole method, 
while for the pure part method the subjects had eight trials a day 
while learning each quartei, and two trials a day for combining the 
parts alieacly “leaincd ” But, if my analysis of the factors affecting 
the relative economy of massed and distributed icpetitions in learning 


*A short, probably variable, interval separated the "massed” trials In 
Barton’s expciimcnt (1). 
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is an approximation to the truth, two trials a day favored the learning 
of the pattern as a whole, while eight trials a day was a more efficient 
arrangement for learning each part It is thus probable that Hana- 
walt would have found even greater advantaj^c foi the whole method 
if the parts had been presented only twice in each experimental 
session 

b. Amount of viateml The relation of difficulty of learn¬ 
ing to size of maze pattern is of sufficient intrinsic interest, apart 
from its relation to the whole-part problem, to warrant thorough 
study. The only attempt at a comprehensive investigation has been 
made by Scott and Hcnninger (12). Tlicir results indicate that 
diminishing returns with increasing size of material is at least as 
evident in maze learning as with nonsense syllables or digits. How¬ 
ever, Scott and Henninger’s experiment, tliough valuable contri¬ 
bution, cannot be regarded as adequate. It should be icpeated with 
larger groups of well-practiced subjects and a greater number of 
different (especially larger) sizes of maze pattein. Also, it is obvi¬ 
ous that complexity of material cannot be considered m isolation. 
Different relations between learning economy and amount of material 
may be expected for different conditions of massing and distribution 
of repetitions, of practice, of type of material, etc. Indeed, our 
results suggest that the relation between complexity of material 
and difficulty of learning may change from trial to trial. 

Pechstein’s and our data agree that with massed practice the transi¬ 
tion from simpler to mote comjd.ex units is accompanied by a very 
great increase m difficulty. It is of course true that the many differ¬ 
ences in procedure between the two mvestigations render the com¬ 
parisons suggestive rather than final.^ There is, however, no con¬ 
flict between Pechstein's results and our additional findings: (1) 
the difficulty in the first trial is directly proportional to the size of 
the pattern, (2) for later trials the increase in difficulty is greatest at 
some point of transition from simple to complex patterns, the exact 
location of this transition point depending upon the ability and pre¬ 
vious training of the subject. 

With distributed practice it is doubtful if returns for effort ex¬ 
pended diminish with increasing complexity at the lapid rate that 


® permits analysia of the 

JniL “? pnft Icarmag, but his 

maae was relatively simple aod his practice more massed than distributed 
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they do in massed piacticc The only data from maze learning 
bearing directly on this point come from Pechstein. For human sub¬ 
jects the difficulty of learning the whole as compared with the aver¬ 
age for the four parts of his maze was about three times as great for 
massed ns for distiibutcd practice (3, Table 4). It is also possible 
tliat part of tlic advantage of the whole method in Hanawalt's ex¬ 
periment is to be attributed to the large size of her maze patterns, 
but again intcrpietation is difficult because of the use of a distribution 
of two tii.ils a sitting for whole learning and eight trials a sitting for 
each part—tlie parts have much gicatcr “massing” of repetitions. 

A further complication is introduced by the fact that complexity is 
not an entirely unambiguous concept. Theie are many kinds of com¬ 
plexity of pattern, and theic is no reason to suppose that the difficulty 
of learning would increase at the same rate witli each. For instance, 
one may complicate a pattern by increasing the number of culs-de-sac 
at each choice point. In this sense our maze is moie complex than 
that of any of the ollici investigators, since there were always three 
alternatives (tight, left, and straight ahead) to choose from. Or 
a maze may be rendered moie difficult by increasing the number of 
units of iiathway If a unit of path be defined as the interval between 
choices, our maze patterns contain a much larger numbei of units 
than Ihirton, Pechstein, oi Hanawalt. In the C patterns of the 
present expeiimcnt thcic arc 48 choices, each among three possible 
paths. The nearest approach to this in eailier work is Barton's 
maze, which had 30 “dual” choices in the total pattern Measured 
in number of choices or ciils-de-s.ic tlic mazes used by Hanawalt or 
Pechstein were relatively simple. Each had 12 alternative paths in 
the whole pattern, tliicc in each part A third way of increasing 
complexity of pattern is by intioducing moie turns and gieatcr vari¬ 
ety and length of alleyways in each unit (called by Hanawalt “sec¬ 
tion”) of the true path, or m each cul-de-sac. In this respect our 
maze patterns aic simplicity itself, the interval between choices con¬ 
sisting of only one inch of straight path On the othei hand, Bar¬ 
ton’s and Pechstein’s mazes are somewhat, and Hanawalt’s enoim- 
ously, moie complicatecl than ouis by the last-named ciitenon Each 
section of Hanawalt's patterns from cul-de-sac to cul-de-sac is a 
little journey in itself. 

c. U/j/fy of the whole pallern According to Hanawalt a 
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major element of waste in part learning is loss of unit/ of the total 
pattern. In general no exception can be taken to this statement, un* 
less the loss of comprehension of the total task is taken to be a neces¬ 
sary feature of part procedure. One aim of both experiments in 
which the writer has taken part has been to determine whether it is 
possible to gain the advantages of part learning without such loss of 
the larger unity. It is, of course, evident that unless the material 
contains a pattern that is an integral feature of the whole, such loss 
shows only during the act of combining the parts. Our instructions 
that the parts were "halves” of a larger whole, the two-part division, 
and the use of a maze visible as a whole by the subject tliroughout 
the learning process,were specifically designed to avoid waste in 
integration. That the plan was relatively successful is shown by the 
small percentage of the total errors (14 per cent in the li patterns) 
made by our subjects in combining the parts, 

d. Transfer and interference, 

Ititital part leariiuiff Pechstein states that ''iieithci gen¬ 
eral nor specific transfer items can be utilized to any high degree in 
learning a complex motor problem by the whole method,” while, on 
the other hand, "positive transfer items operate at their full value 
in part learning" (10, p. 54). The main evidence offcied in support 
of this conclusion is that parts II, III, and IV of his maze were 
mastered with much less effort than was expended in learning; part 
I. What we really need to know, however, is whether there was 
like amount of transfer in whole learning, Here Rarton’s results 
are in point. The latter computed the percentages of errors and time 
for each of the four parts of his maze, in both part and wliole learn¬ 
ing, and found (Table 8) that the "transfer” from first to last 
parts of his maze pattern was greater, if anything, for the whole 
method If we can generalize from Barton’s data, the part method 
lost nothing (relative to the whole method) in Hanawalt’s experi¬ 
ment by the absence of positive transfer between parts, and no por¬ 
tion of the difference between the latter’s findings and tliosc of Pech¬ 
stein can be attributed to this factor. Our own results show no clear 
evidence of transfer between parts, and thus apply only indirectly to 
the problem to the extent that we have been able to isolate other 

*1! “"i'® surface looked alike such visual orientation 

could only he of a general nature. 
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factors tliat may serve to account for the superiority of the part meth¬ 
od in Barton’s and one phase of Pechstein’s investigation. 

Combintng the pat is. If we look on the act of integra¬ 
tion as an entirely “new” problem, any greater economy relative to 
whole learning may be attributed to positive transfer from pievious 
experience with the parts. In this sense all experiments except Pech¬ 
stein’s with distributed practice (errors: whole method, returns pre¬ 
vented, 81; combining the parts, 191) show some positive tiansfer 
(10, p 77). It would be misleading, however, to single out the 
group who manifested negative transfer and contrast their results 
sharply with the data from the other gioups The real problem is to 
discover the factors which condition difficulty m the act of combin¬ 
ing, and of these many may be common to the experiments of Pech¬ 
stein and (foi example) Hanawalt. Some such factors have been 
suggested previously in the discussion of items in our procedure de¬ 
signed to preserve the unity of the total task duilng the mastery of 
the separate parts. A further possibility concerns characteristics of 
the spcciiic maze patterns. Are there any features of a pattern that 
make its parts more or less difficult to integrate after being Learned 
separately? One guess would be identity of units or relationships be¬ 
tween the parts, and in this connection it is significant that experi¬ 
ments on retroactive inhibition indicate that a “medium” degree of 
similarity gives maximum negative transfer. It would therefore not 
be unreasonable to suspect that resemblances between parts of their 
mazes may account for some of tlic difficulty encountered by Pech¬ 
stein’s and Hanawalt’s subjects in the combining act, for although 
the latter’s patterns were avowedly constructed to avoid similarity, 
the parts arc far from being “absolutely” unlike. 

I am inclined, however, to believe that ease in combining the parts 
IS more closely related to what I would call “uniqueness of configura¬ 
tion ” Anything that heightens such uniqueness of each part simpli¬ 
fies mtegiation, while anything that makes the separate paits more 
difficult to distinguish as separate parts renders the act of combining 
more difficult On tliis hypothesis identity of units would help or 
hindei or have no effect on intcgiation according to the relation of 
the units to the total patterns. A right-left “U” choice, for example, 
might be extremely confusing at the beginning of two maze patterns, 
but cause no difficulty when located elsewhere in tlie same patterns, 
provided the remainder of the patterns wcie sufficiently unlike to give 
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each a distinct “iocal sign.’* From this point of view there are many 
features of Pechstem’s and Hanawalt’s procedures that might cause 
difficulty in the combining act. The parts of Pechstein s patterns 
■were deliberately made so similar that it requires a high level of dis¬ 
crimination to decide which one a learner is tracing at a given time 
Regarding Hanawalt’s maze I can only appeal to the render’s judg¬ 
ment, since quantitative estimates of degrees of similarity between 
parts of her maze arc not only extremely difficult, but out of place 
until further experiments have been performed For my own part, 
a survey of the patterns presented by Hanawalt is sufficiently con¬ 
vincing that it would be no easy task to keep the paits distinct. Add 
to this that the subjects m both experiments had to discover for 
themselves any shift to a new or return to an old pattern, and that 
with Hanawalt’s apparatus no bodily orientation toward a total pat¬ 
tern was possible, and the difficulties of developing a “unique” con¬ 
figuration of each part become almost insurmountable. On the otlict 
hand, Barton’s subjects had fixed bodily orientation, and the spatial 
arrangement of his pattern is such as might give a large measure of 
uniquenes-j to the parts. If this is the case the parts of his maze, 
though “very much alike,” should be comparatively easy to integrate 
Unfortunately Barton does not present data to enable us to decide 
the question 

As we have indicated in discussing 'Wfty of the total pattern,” 
our set-up has many features that minimize confusion between parts 
On that account the similarity of one part to anotlier, however it 
might otherwise tend to operate, could cause little difficulty in inte¬ 
gration. The sole fragment of direct evidence is tlic comparatively 
high percentage of errors in the first as contrasted with the second 
half of our G patterns, which suggests that retroactive inhibition of 
earlier by later learned parts is responsible for some of the residue 
of difficulty m combining. The whole field invites experiment. 

e. Practice. Hanawalt has pointed out (and our observations 
are in agreement) that Pechstein's emphasis upon “general transfer 
items,” ie., general maze habit, consciousness of power, and propci 


“The diagrams appear on page 13 of Hnnawalt’s monogrnpli {6) Ilnna- 
that "each part of the maze was unique in chnrncter," 
but the uniqueness must have been rather non-specific, since jn combinjuK 
recognition by any subject of the fact that the large maze 
being learned was composed of smaller units already mastered" ( 7 , p 69 +). 
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emotional attitude, is a result of his use of untrained subjects. That 
does not mean, of course, that Pechstein’s procedure would have been 
improved by having his subjects undergo an extended period of pre¬ 
liminary practice It would merely have been changed; for the 
problem of the relative economy of the whole and part methods m 
the early stages of adaptation to a situation is surely worth investi¬ 
gating. We have found reason to believe, however, that Pechstein’s 
data do not justify his statement that transfer favors pait learning, 
while Barton’s study M'ould seem to indicate that the amount of 
transfer is the same for both methods. There seems, therefore, no 
basis for concluding that the elimination of ^'general transfer items” 
by practice favors either part or whole procedure 

In any case, the part method shows a great superiority with highly 
practiced subjects in our experiment We have found, however, that 
practice affects the relative economy of whole and part learning in¬ 
directly by increasing the size of the "most favorable unit” for rapid 
learning With increasing experience the smaller parts become re¬ 
latively less and the larger parts relatively more efficient “units.” 
That IS, practice increases the efficiency of the part method with 
larger maze patterns and decreases its efficiency with smaller pat¬ 
terns. 

Summary 

The comparative economy of whole and part learning was tested 
for six “experienced” subjects with visual maze patterns contain¬ 
ing 12, 24, and 48 units or “choice points.” A two-part division was 
used in part procedure Practice was massed and returns prevented. 
The results follow m outline. 

1. First Tual The number of errors and amount of time in the 
first trial were directly propoitional to the size of the pattern, 
whether learned in "parts” or as a “whole.” The enois averaged 
one per choice point 

2. Tiwls Subsequent to the Fitst. 

a The part method was in general markedly superior to the 
whole method. 

b. Tile advantage of the part method was greatest m errors, less 
in time, and least in trials. The compaiativc inferiority of the part 
method by the timl criterion is attiibutcd to (1) the inclusion of the 
final SIX “eriorless” trials fiom initial part learning, in the total trials 
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fox th£ part method, (21 the relatively large number of tnals (as 
compared with eirors per trial) required for integrating the pjuts 
after separate learning. The same factois aftcct the time measure to 
a less degree 

c. Diminishing returns with locreasing amount of niatciial was 
one important factor of advantage in pait Icaming Ihc two pints 
of the 12-, 2+-, and 48-urut patterns were leaincd with onc-third to 
one-half the expenditure of effort necessary for Icarninp; the same 
patterns as a whole 

d, The relative economy of part and whole proceduie W'as to 
some extent a function of the size of the “whole” maze pattei n. Part 
learning was most efficient with the 24-unit patterns, and about 
equally economical for the f2-unit and 48-iii»t pntteins Tlic data 
indicate that in this respect the major difficrcncc between the 12-unit 
and 24-unit patterns was in initial part learning, but that tlic gicater 
superiority of the part method for the 24-\init as compaicd with the 
48-urtit patterns liolds equally for primary learning and later com¬ 
bining of the parts. 

e Practice increases the amount of material that can be learned 
with the greatest relative economy. This is suggested by a compaii- 
son of the data from Cook, Morrison, and Stacey and the results of 
the present experiment, and further substantiated by the fact that the 
6-unit "parts” are relatively less and the 24-unit parts relatively more 
efficient in the second (as contrasted with the first) half of the in¬ 
vestigation. 

f. The JCjerstadt'Robirtson Law does not hold for visual maze 
learning, 

^ The relatively small difficulty found in integrating the parts 
shows that comprehension of the total task (usually considered a 
marked advantage of whole procedure) can be economically obtained 
during part learning. The ease of integration may be due to ■ (1) 
the two-part division, (2) the use of vision while learning, (3) the 
detailed and specific instructions given the subjects, (4) the high 
standard set for initial learning. 

A For the 48-unit patterns, a portion of tlic waste in tfic net 
of combination was due to retroactive inhibition of part I by the in¬ 
terpolated learning of part II. 
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LES FACTEURS DANS L'APPRENTISSAGE GLOBAL ET PARTIEL 
D'UN LABYRINTHE APPERQU VISUELLEMENT 

(Resume) 

Une investigation par Cook, Morrison, et Stnccy a et6 prolongec dans le 
but d’^tudicr I’effet de vancr la grandeur des formes de labyrinthc de 
12, de 24, et de 43 unites sur l'6conomie relative de I’apprentissagc partiel 
et global Six siijets cntraines dans I'experience .'inteneme ont nppris 12 
formes de labyiinthc On a empeche les letiocements et I'on a appuye sur 
I'cifacemcnt des erreurs, autrement les conditions essentiollcs suivcnt I’cx- 
p6riencc nntcncuie Les rdsultdts monticnt qiie la mdthode pnitiellc cst 
tris Bup6iicure h la melhode globalc 4 Fegaid des erreurs, moms fi I’egard 
du temps, mnis nvec trds peu de 8iipfiriorit6 n I’egaid des epreuves pour 
les deux mcthodca. La mdthode partielle cst la plus avnntngciise avee les 
formes de 24 unites Les differences sont statistiqueincnt dc valeiir pour les 
erreurs et le temps avec les formes de 24 unil£s, et pour les erreurs avec 
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les formes de 48 unites, et les tendances sent conatantes pour loutca Ics 
donatss. Vtxermt aijg 0 )ej)te Pfconomie relative deg parties dc 12 unitfis 
et de 2+ mtii comparies an parties de 6 unites. Le principal fneteur 
(jui favoTiBC I^appreiitisaage partiel, cc aont Ics risultnts diminuants avec la 
grandeur accroUsante de la forme, main la pjns grande superiority rela¬ 
tive de la methflde partielle aux resultatn aniyricurs est due pi-incipalcmcnt 
aux techniques (telle que I'eniplol de la vision) qul ilirninent l,i perte dans 
I’actc de combiner. 

Cook 


DIE faktoren beim gam- UND TEILLERNEN EINES VISUELL 
WAHRGENOMMENEN LABYRINTHS 

(Referat) 

Erne Unterauchung von Cook, Morrison, und Stacey wurde ’ivciter gcfiihrt, 
nm die Wirkung einer Veranderung der Groase der LabyrintliTnuster mit 
12, 24, und 48 Einhciten auf die relative Okonomie deg Ganz' und Teiller- 
nens zu eriorachen, Sechs Vpn., die an einem fruheren Experiment tell- 
genommen haben, leriiten U Labyrint[iinua(er4 Die Kuckicchr wurde ge-> 
hindert und die Aussclialtung von Irrtnmern betont, gonst folgcn die Haupt- 
bedingungen denjentgen dee Meren Experiments Die Ergebnisse bc- 
weiaen, dasa die Teilmethode der Ganzmethode an Irrtumern merklicii 
uberlegen iat und weniger ZeK branchy aber wenig Vortcil up Proben bci 
jedei Methode beailzt. Die Teilmethode ist am gimstigstcn bci den 24' 
Einheitenmustern Die Dnterschiede sind statistisch vuvcrlilsnig fur Irr- 
turner und Zeit mit den 24'Binheiteninn8tcrn Die Irrtumcr mit den 48' 
EmheitenmualeTn und die Neieungen aind diirchoiis uberemstunmend 
Dbung vermehrt die relative OLanomie der IZ-Einheitctitcile und 24- 
Einheitenteile Im Veiglcich mit den 6-Einh«itcnteilen Der Ilauptfaktor, 
der daa Teillernen begilnstigt, ist die ahnehraenden Ruckkimftc bei ziineh- 
mender Groase des Musters, aber die grossere relative Oberlcgcnheit der 
Teilmethode liber die fruheren Ergebnisse iat zum grogacit Tcil die Polge 
der Methode {wie die Anwendang des Geaichts), die den Vcrliist im Akt 
der Verbindung ausschaltet. 

Cook 
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Introduction 

Normal vision is the functioning of an intricate mechanism of 
nervous structures. Analysis of the functions of the various struc¬ 
tures, in the different aspects of visual activity, constitutes one of 
the major problems in the neurology of vision. The development 
of rapid methods (Lashlcy, 3) for studying the various visual func¬ 
tions in the rat makes it possible to attack the problem of central 
visual mechanisms with much hope of success. 

Lasliley (4) has shown that pattern vision depends upon the in* 
tactness of the latcial portions of visual field w (Fortuyn’s termin¬ 
ology). After destruction of this area he found that the formation 
of habits involving the discrimination of patterns is lost and can¬ 
not be regained by any amount of training 
This same experimenter has shown (1) tliat discrimination of 
light from darkness is localized in the area striata of the cortex, for 
with complete destruction of this area in his rats the habit was 
lost However, he found that the habit could be regained in these 
animals witli occipital lesions by giving them as much training as was 
required for the initial learning He furthci found that no other 
cortical area functioned for the occipital regions m this habit, for rats 
with the occipital third of the cortex removed learned the problem 
and did not lose the ability to discriminate when a second operation 
removed any otlier third of the cortex 
The above facts lead to the conjecture that some subcortical 
structure is concerned in the functioning of this light-darkness habit. 

*Acccpted for pnblicntion by Carl Murchison of the Editorial Board and 
received in tlic Editorial Ofbcc, September 23, 1935 
*Tho writer wishes to acknowledge his appreciation to Dr K, S. Lashley 
for his assistance in this project. Some of the data in this article were 
presented as a part of n master’s roquiiement at the University of Chicago, 
1931 
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But the knowledge that we have of the part played by different 
subcortical nuclei in vision is quite meager. 

A study by Papez and Freeman (9) of subcortical areas points to 
retardation in the formation of the light-darkness habit in their 
operated animals, and to the fact that this rctaiclation in point of 
trials required and errors made Is in direct proportion to the extent 
of lesions in the region of the superior collic-uli. 

Lasbley (2) reported that rats with lesions m tlie superior colliculi 
formed the light-darkness habit in the normal manner. He also re¬ 
ported that animals with lesions in the optic radiations learned to 
choose the illuminated alleyway as rapidly as normal animals In 
1931 (4), in other cases with lesions in the superior colliculi, he 
failed to obtain evidence of vision for objects on the jumping stand. 
Recently (7), in an attempt to produce entire destruction of the 
striate area of the cortex he also produced seveie lesions in the optic 
thalami and in the superior colliculi of some of his animals, In those 
animals with the cortical visual area destroyed plus severe injury to 
the optic thalamus on one side he obtained a marked retardation in 
learning to discriminate in die light-darkness box. In others, with 
severe bilateral destructions in the thalami plus destruction of the 
cortical areas, learning never occurred. 

The fact that on the one hand the light-darkness habit is localized 
in the cortex, and on the other that it can be formed normally In tlic 
absence of this same area, gives rise to the inquiry concerning' forma¬ 
tion of the habit when the visual cortex is present but ■when lesions 
have been made m one or other or ail of the subcortical aieas con¬ 
cerned in Vision This was partially achieved by Papez and Free¬ 
man. By using a different procedure than that of Papez and Free¬ 
man, tlie following experiment was undertaken to determine tJie in¬ 
fluence of lesions in the superior colliculi of rats upon the dis¬ 
crimination of Jig/it from darkness and upon vaiious phases of pat¬ 
tern vision, with the cortex essential for detail vision left intact. 

Apparatus 

A Yerkes light-darkness box of the usual form was employed in 
one phase of the study The animal^ were trained to react posi¬ 
tively to the lighted compartment for food, whereas a ventuic into 
the darkened compartment resulted in a shock. 
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A jumping apparatus was also utilized, for Lashley (4) has re¬ 
ported that animals with destructions in the superior colliculi could 
jiot be trained to jump, and behaved on the jumping platform as 
animals blinded by enucleation of their eyeballs In this experi- 
ment, only four kinds of stimulus caids wcie used for the jumping 
tests One was entnely black and was to be used as a negative 
stimulus to a black card with a two-inch white square pasted at its 
center. Tlie other two caids were identical, each having two white 
strips, two centimeters wide, pasted threc-quaiters of an inch apart 
and extending across the width of the caid. In the test for pattern 
vision, one of these (negative) was placed so that the wliite strips 
were vertical, the other (positive) was placed so that the strips 
were lionzontal 

Procedure 

All the animals utilized wcie opciated upon before any training 
was given Tlie incisions were made through two trephine openings 
near the mid-linc in tlic occipital region. Through each of these n 
fine knife was passed diagonally thiough the longitudinal fissure and 
into the supeiior colliculus of the opposite side, The cortex under 
these ticphinc holes was frequently cut through, but the area essen¬ 
tial for pattern vision was not invaded in the operation 

Following recovery fiom the operation, training commenced. For 
the first group of rats which were run, preliminary jumping tests 
were given, and those (4, 5, 11, and 16) which jumped readily were 
not trained in the discrimination box but were taken directly througli 
the jumping tests, which consisted in discriminating between the 
black and white card and between tlie vertical and lionzontal striae. 
All other animals were started in the discrimination box and were 
later put through the two jumping tests aftci they had successfully 
completed the light-daikness problem The criterion of success for 
the discrimination box was set at 30 consecutive errorless trials and 
that for the jumping tests was set at 20 consecutive eriorless at¬ 
tempts. After training had been completed the animals were killed, 
thcii biains fixed, mounted in cellouUn, sectioned and stained with 
iron hematoxylin. Camera lucidfi drawings and histological ex¬ 
aminations wcie then made and from these the lesions were recon¬ 
structed These rcconstiuctcd lesions aie found in Figure 1. Draw- 
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FIGURE 1 

ings of typical cross sections through the lesions are found in Figures 
2 and 3 

Areas Concerned with Vision 

This experiment was outlined to determine the function of the 
superior colliculi in vision, but m performing the lesions localized 
destructions in this mass were not achieved in many cases Linear 
knife cuts and degenerative changes were found to have included 
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one or more bfisic structures in many animals, and some of these 
were visual centers 

From various anatomical studies (Lashlcy, 5, 6), sevcial basic 
nuclei are known to receive fibers from the optic tiact. Ventral to 
the lateral geniculate body the tract gives off its first fibers which 
go to two hypolhalannc nuclei The icmamder of the tract pro¬ 
ceeds dorsally to the lateral geniculate mclexn wlicic many fibers 
terminate, but many are found to pass through this nucleus into the 
more mesial tlialainic structures Others aic found to pass over the 
surface of the lateral geniculate body and ate seen to dip either 
into the thalamus between the superior colliculus and tlie lateral 
geniculate body, or into the layers of the superior colliculus itself. 

Besides the crossed fibers of the chiiisma which reach each superiur 
colliculus in this manner, others are believed to ascend to the 
colliculus from the optic tiact after fiist passing thiough the lateral 
geniculate nucleus and the thalamic centers. 

The thalamic structures usually conceded to be primary visual 
centers are the posterior nucleus of the tlialamus and the posterior 
part of the lateral thalamic nucleus* Some authors include a third 
area which they call the pretectal nucleus. Because of ovcilapping 
of lesions in these various structures they shall all three be included 
under the common head of optic thalamus in the following para¬ 
graphs. 

Besides the basic nuclei concerned in vision, the cortical areas asso¬ 
ciated with visual function have been designated by Fortuyii as 
areas aa, in', and av. [For explanation sec Lashlcy (2, page 50) ] 

Experimental Data 

Five normal animals were started in the Ycrlccs’ box together with 
the operated animals and carried through the same tests Six other 
normal animals were trained only in the light-darkncss disciimination 
and on the black-white jumping pioWem. The records of these 
normal animals are presented in Table 1. 

^Twenty-four animals with lesions in the superioi colliculi were 
given training. The records of these animals are given iii Table 2. 
The arrangement of cases in this table is based upon the nuinhcr of 
areas involved, rather than upon trials icquired in any one pioblcm 
or upon any particular type of lesion 
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TABLE 1 


Summary or Training Records oi the Animals on the 
Tiirbp Probiems 
Tr =l*ri.il8 El = Errors 



Ycrkea' box 

Black vs white 

2-cm 

sti lac 

No. 

Tr. 

Ivi 

Tr. 

Er 

Tr 

Er 

1 

97 

21 

6 

3 

52 

23 

2 

153 

49 

23 

3 

41 

14 

3 

202 

54 

29 

5 

57 

20 

+ 

146 

SO 

0 

0 

84 

33 

S 

101 

34 

25 

7 

33 

9 

6 

159 

55 

8 

3 



7 

171 

53 

16 

5 



8 

94 

19 

0 

0 



9 

130 

65 

0 

0 



10 

109 

41 

20 

5 



n 

98 

33 

19 

2 





TABLE 

2 



Summary or the Training Records or 

An THF Opfrated Animais for 



TJJF Tjjrle Problems 



Tr 

= Tiinh. 

I'r ~ Firois 

F = 

Failed to Kivc 

evidence of 


discrimination in 

the trials attempted 




Yeikcs’ box 

Black vs white 

2-cm 

striae 

No 

Ti 

Er 

Ti 

Er 

'I'r 

Er. 

1 

133 

37 


Died 

_ 

_ 

2 

180 

35 

14 

6 

0 

0 

3 

47 

15 

180F 99F 

— 

— 

4 

— 

— 

17 

12 

9 

2 

S 

— 

— 

44 

12 

54 

20 

6 

77 

22 

0 

0 

136 

62 

7 

163 

58 

11 

1 

IIOF 

52F 

8 

174 

26 

59 

18 

40 

10 

9 

104 

31 

315 

128 

Died 

10 

70 

13 

219 

70 

217 

62 

11 

_ 

— 

72 

22 

37 

3 

12 

220 

93 

139 

29 

84 

31 

13 

179 

57 

44 

9 

250 

92 

14 

110 

24 

8 

3 

Died 

IS 

214 

62 

96 

33 

82 

28 

16 

— 

— 

142 

57 

24 

4 

17 

137 

48 

57 

12 

8 

4 

18 

119 

36 

— 

— 

— 

_ 

19 

179 

47 

5 

3 

— 

— 

20 

153 

53 

— 

— 

— 

— 

21 

313 

120 

— 

— 

— 

— 

22 

307 

103 

— 

— 

— 

— 

23 

279 

80 

— 

— 

_ 

_ 

24 

900F 

3S7F 

— 

— 

— 

— 
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Four animals (4, 5. 11, and 16) were not trained on the light- 
darkness problem because the/ were in the first group to be run, and, 
as they readily jumped, this part of their training was eliminated. 
Animals 1, 9, and 14 died before completing the tests, 3 and 24 were 
killed -when they faded to learn the discrimination tlicy were attempt- 
ing, 18, 20, 21, and 23 would not jump, 19 became unfit to continue 
training, and animal 22 made only a few jumps nt the required dis¬ 
tance, 

Cases with Lesions Confined to the Superior Colliculi 

The first eight animals of Table 2 had lesions confined entirely to 
the superior colliculi. Of these, the optic tract was Injuicd in ani¬ 
mal 8. Because of this injury, this animal will be considered m an¬ 
other section and only the first seven examined here. 

Table 3 is a comparative analysis of the trials required and cirors 

TABLB 3 

Comparative Summary of the Traiming Records of the Control Animals 
AND of Those With Lesions Confined to tub Sui'erior Coli icui us 
ON THE THRBB PROBI EMS 
Tr. = Trials. Er, “ Errors 


Yerkcs'box Black vs white 2-cm striae 

Tr Er. Tr. Er. Tr. Er. 


Controls 137 2 ± 7 5 43 1 ± 2 9 13 3 ± 2.1 3 0 ± 0 5 53 + ± 5.3 20 8 d: 3 0 

Operated 121,0 it 15,7 43,4 ±7.7 19 2 ±4.S 6 1 ± 1 5 49 7 ± 16.8 21 0 ± 8 4 

Difference 16.2 0.3 6 0 3.1 3.7 0 2 


made by these seven animals and by the control group on tlic three 
problems (Although the tabic is presented It is realized that little 
significance can be attached to any statistics employing so small a 
population.) This table shows that there was only a small group 
difference between the control and operated groups, nod only in the 
discrimination of light from darkness, but also in the pattern tests. 
It further shows that this small difference was in favor of the oper¬ 
ated animals. On the other hand the table shows that theie was 
some difference m the black-white discrimination on the jumping 
stand, which was m favor of the controls Although this diffeicnce 
on the first jumping problem was large as mcasuicd by the incrc.ise 
m trials required and errors made, it was not reliable. 

The retardation in trials required and errors made m the discriml- 
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nation of black from white was not a consistent condition among the 
animals of this first group which jumped Table 2 shows that only 
two of this gioup of seven animals were abnormal. Of these, No 3 
failed. The failure of this case was perhaps due to a reluctance to 
jump, for three weeks of urging were required before the animal 
would attempt the required leap of 25 centimeters. No. 5 was the 
other retarded animal In this case neither the depth nor tlie locus 
of lesion could account for the retardation, for the lesions were no 
larger nor deeper than in those animals which behaved normally 

Table 3 indicates that in all three problems the variability of these 
animals was at least twice as great as that for the controls Owing 
to the small number of cases in this section, we are unwarranted in 
ascribing this variability to any one particular cause. 

Animal No 7 failed on the pattern test. Its failure on this prob¬ 
lem cannot be ascribed to the cerebral lesion because the geniculo- 
striate system was intact 

In summaiy of the behavioi of these seven animals we see that 
small lesions in one or both superior colliculi do not prevent an ani¬ 
mal from discriminating light from darkness, black from white, or 
hoiizontal from veitical striae. Confirmation of these results on the 
light-darkness problem is found in the records of those animals of 
Papez and Freeman (10) which had lesions confined entirely to the 
superior colliculi (cases 1, 2, 3, 4, and 6 of gioup A). 

Cases with Lesions Involving the Superior Colliculi 
AND Other Visual Centers 

The supeiior colliculi weie paitially destroyed or undercut in all 
animals In cases 8-24 the optic tract was injured or lesions occur¬ 
red in other visual areas in addition to the supeiior colliculi. Table 
4 IS a summary of the lesions found in these animals in the areas 
concerned with vision 

1 The Light-Darkness Ptol/lem, In Nos 8, 14, and 18 the colli¬ 
culi weie over three-fourths undercut or destroyed, yet, m these cases, 
learning of the light-darkness problem was noiraal On the other 
hand tlie collicular lesions in cases 21, 22, and 23 were smaller than 
those in Nos 8, 14, and 16 and these animals were retarded on the 
problem. Although other structures were invaded in these six cases, 
the results suggest that lesions in the superior colliculi do not in 
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TABLE + 


Summary of the Lesions Found in the Visual Cfnters of the 
Operated Animals 


Plus signs show that lesions were found in llic structures winch nrc indi- 
cud\ Lpt.dn, to the column. M.nu. .ien. indic.tc the ub.cco of loon. 
No attempt wus made in this table to .ndicate the ettent of leaions The 
first column tndicates the animal and aide of the brain in ivh.cl, the Icsio^ 
•were found. iS'C= Superior colliculus w^Aren w of the conex lCj- 
Lateral geniculate body = Optic thalamus 

optic tract dorsal to the lateral geniculate body TrLD — Trinla required 
to learn the light-darkness habit Trials required to learn the 

black-white habit. 


Rat 

SC 

HI 

LG 

OpTh 

OpF 

TrLd 

TrBJy 

TJ 

-f 




4" 



“ L 

+ 


_ 

— 

— 

174 

59 

u 




4* 

4- 



^ L 


_ 



4* 

104 

315 

R 

+ 

_ 


4- 

4- 



10 L 

+ 

_ 

_ 


4- 

70 

219 

11 R 

+ 

_ 

4- 

+ 

— 

— 

72 

-a. R 

+ 

4- 


4- 

4- 



12 L 

+ 

4- 

_ 


4- 

220 

139 

13 R 

+ 

+ 



4* 

179 

44 

1A R 

+ 


4- 

+ 

4- 




+ 



_ 

_ 

110 

8 

R 

+ 

_ 

_ 

4- 

4- 



L 


_ 


__ 

_ 

214 

96 


+ 


4- 

4- 

4- 



L 


_ 

— 

_ 

— 


142 


+ 

_ 

4- 

4- 

4- 



L 

+ 

— 

— 

— 

— 

137 

57 

ie R 

+ 

_ 

_ 

__ 

— 



L 


_ 

4- 

4- 

4- 

119 

— 

10 R 

+ 

— 

+ 

4- 

4- 



L 

+ 

4- 

— 

-- 

_ 

179 

5 


+ 

— 

— 

4- 

4- 



20 L 

+ 

4" 

— 

_ 

4- 

158 

_ 

21 ^ 

+ 

— 

4- 

4- 

4- 



2* L 

+ 

_ 

+ 

+ 

4- 

313 

_ 

22 ^ 

+ 

4- 

4- 

4- 

+ 



Zti L 

— 

4- 

+ 

4- 

+ 

307 

_ 

23 ^ 

4- 

4- 

4- 

4- 

4- 




+ 

4- 

— 


4- 

279 


24 ^ 

4- 

4- 

4- 

4- 

4- 



L 

4- 

4- 

+ 

4- 

+ 

900F 

— 


themselves cause a retardation in Icaining to disci iirtinatc Uglu from 
darkness 
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Small unilateial lesions in the thalami had occuired in all but one 
(No. 13) of the group of cases numbered fiom 9 to 20. Only cases 
12 and 15 gave any indication of a slight retaidation m the Yerkes' 
box, and the thalamic lesions in these two animals weie no larger 
than those of cases 18 and 20 which learned normally. These results 
indicate that small unilateral lesions in the optic thalami do not 
retard foimation of the hght-dailcness habit. 

Interruption of optic fibers to the colliculi and optic thalami had 
occurred m animals 8, 12, 13, 15, 17, 18, 19, 20, 21, 22, 23, and 24 
Of these, only cases 21, 22, 23, and 24 weie retarded in the discrimi¬ 
nation of light fiom daikness. The interruption was only bilateral 
m Nos. 21, 23, and 2+ and even in these thiee cases seveiancc of the 
colliculi and optic thalami fiom the optic tracts was not complete, 
for in no case were the fibers going thiough the lateral geniculate 
nuclei to these bodies completely tiansccted As fibers fiom the optic 
tracts dorsal to the lateial geniculate nuclei go both to the optic 
thalami and the supciior colliculi, seveiance of these fibeis in Nos. 
21, 23, and 24 served to give little infoimation legarding the relative 
impoitancc of each of these nuclei. 

Cases 21-24 were the only seiiously retarded animals in learning 
to choose the illuminated alleyway in the Yerkes’ box In No 21 
theie were severe bilateral lesions in the optic thalami, and botli 
lateial geniculate bodies were about half destroyed. Serious but not 
complete destiuction occurred in the geniculo-striatc system of Nos. 
22 and 23 bilatcially, but in No 24 this system was destioyed. Optic 
thalamic lesions in Nos. 22 and 23 were mainly unilateral, but in 
No. 24 they weie bilatcial These results show that severe bilateral 
thalamic and cortical destructions (No 24) prevent formation of the 
light-darkness habit, wheieas pronounced letaidation is pioduced 
with only unilateial optic thalamic lesion plus bilateral gcniculo- 
striate destiuction (Nos 22 and 23) These findings are similar 
to those found by Lashley (7) m his rats with respect to the le- 
learning of this habit. 

2. The Black-White Ptoblem On the jumping platform in the 
habit involving discrimination between black and white, there were 
eight animals, Nos. 8, 9, 10, 11, 12, 15, 16, and 17 which were re¬ 
tarded, and one animal, No, 3, which failed. Of these cases, the 
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cortical Visual areas were Involvetl only in ease 12, niul the lateral 
geniculate nuclei only in cases II, 16, and 17. As the records for 
these four animals in the discrimination of patterns were normal, we 
have evidence that the gcnicnlo-striatc system was sufficiently intact 
for normal functioning and that the retardation in the first jumping 
problem was not due to injury in these regions. 

The superior colliculi were involved in each of llicse retarded eases, 
yet in animal No 9, which was the most seriously retarded ease on 
this problemj the superior colliculus on the left was only slightly in¬ 
volved while that on the right was intnet. Likewise in case 10, tlie 
colliculi were almost intact but the optic fibers at the lateral exten¬ 
sion of the anterior margin of both colliculi were invaded, Animal 
.11 was retarded hut the lesion was confined to tlic light superior 
colliculus. On the other hand, case 14 with lesion involving the 
posterior three-fourths of the superior colUcuU behaved normally on 
this problem. 

In all these retarded cases of learning the binck-wliitc habit, the 
lesions m the colliculi were located m the anterior portions of these 
nuclei. In the first part of this paper we considered seven anlinnU 
which behaved normally in learning this problem. The lesions In 
these seven eases were confined entirely to the superior colliculi, but 
in no case were they located anteriorly in these nuclei as they were 
in the eight cases which were retarded. There were only two ani¬ 
mals, Nos. 13 and 19, with lesions in the anterior parts of their colli¬ 
culi which were not retarded on this problem. 

Seven of the cases which were retarded in learning the black-W'hite 
discrimination had lesions which invaded their optic thalami. In 
these cases (Nos. 9, 10, 11, 12, 15, 16, and 17) the lesions were lo¬ 
cated just rostral or lateral to the anterior portions of the superior 
colliculi, together with involvement of optic fibers to tlic tlinlanii and 
colliculi in this lateral region. In case No. 8 there was no direct 
lesion in the thalami, but the optic fibers at the lateral extension of 
the anterior tip of the superior colliculus on the light was invaded. 
Animal 13, although not as severely retarded ns the eight cases just 
considered, had a slight interruption of its optic fibers in tlie same 
region as that of No. 8. 

The two most retarded cases on the black-white discrimination had 
bilateral lesions either in the optic thalami or in tlie fibers to these 
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nuclei. Tlie thdlamic lesions in all other cases which were retarded 
on this problem \veic unilateral. Although no attempt was made to 
arrange the cases m a senes based upon the seventy of lesions in the 
optic thalami or m the optic tract fibers at the lateral and anterior 
area of the superior colliculi, a supcificial examination reveals the 
existence of a slight direct correlation between extent of lesion in 
these areas and retardation on the black-white jumping problem 

Animal No. 3 failed on this problem. Its failure on this situation 
can hardly be ascribed to its cerebral lesion after a comparison of its 
lesion with tliose m Nos 6 and 14, for lesions in these cases did not 
retard learning 

Two animals, Nos 14 and 19, had unilateral lesions in their prim¬ 
ary visual centers and they were not retarded on this problem. In 
No. 14, the lesion undercut a portion of the lateral nucleus of the 
thalamus in the region of the posterior thud of the habenula, and 
transected a few fibers on the mesial anterioi surface of the pretectal 
region. The lesion in No 19 invaded the optic thalamus caudal to 
the antci ior tip of the right superior colliculus 

This evidence, although confusing, indicates that lesions occuiring 
in the anterior parts of the superior colliculi are more detrimental 
to the formation of the blaclc-whitc jumping habit than lesions in the 
posterior region. It points to the view that lesions m the superior 
colliculi aic not detrimental per sc, but that lesions in the optic thal 
ami, either just rostral, latcial, or ventral to the anterior tip of the 
superior colliculi, or lesions involving the optic fibers to these areas, 
retard formation of the habit. There is some evidence which indi¬ 
cates that letardation is loughly proportional to seventy of lesions in 
the optic thalami. 

Cases Showing Abnormal Jumping Behavior 

Lashley (4) and Lashley and Frank (8) have reported that ani¬ 
mals with lesions in the superior colliculi would not jump, and be¬ 
haved on tlie jumping stand as animals blinded by enucleation of 
their eyeballs. In the present experiment, animals 18, 20, 21, 23, and 
24 would not jump and animals 3, 8, 10, and 22 were given from 
one to thicc weeks of preliminary training before they would risk 
a leap of 25 centimeters Case 22, after commencing to jump, re- 
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fused after making 10 responses and could not be vugetl to risk more 
attempts. As about 5 per cent of noimal animals fail to jump, the 
high percentage of failures and those reluctant to jump in tins re¬ 
port cannot he expUined on the basis of normal niiiinaK ^vlllth fiiil, 
but must be ascribed to their midbraln and thalamic Icmoiis. 

Discussion 

In case 21 the visual cortex was not injured and both lateral geni¬ 
culate bodies were over half intact, yet this animal wab seriously ic- 
tarded However, severe bilateral lesions were found in the primaiv 
thalamic and midbrain centers of this lat. 

In view of Lashley’s recent findings about the all-or-nonc function 
of the visual cortex in the discrimination of light from daikncss, it is 
difficult to understand why this case should have been «o rctaidcd on 
this problem. Lashley’s idea of etiulpotentiality assumes that the 
vi&ual cortex and some other area are equally potcnti.il in this li.nbit. 
If this equipotentiality is reciprocal, then in case 21 no letaulation 
should have occurred since the geniculo-striate system was over half 
intact. What bearing this case may have on the thcoiy of eqiiipotcn- 
tiality and the neural mechanisms involved in the Ic.uniiig of this 
habit can only be deteimmed by futuie research. 

Summary 

The superior colliculi were operated upon in 24 rnts. Follow¬ 
ing recovery, the animals were trained in a Yerkes’ discrimination box 
to choose the illuminated alleyway. They were also tiained on a 
jumping apparatus to choose: (<r) a small white squaic .'iiid avoid a 
black one, and (Z>) honzontal striae in prcfcience to vertical striae. 

Lesions undercutting or destroying the posteiior thrce-fouitlis of 
each superior colliculus in rats do not picvcnt noimal formation of 
the light-darkness discrimination habit in the Yeikcs’ box. 

Small unilateral lesions in the optic thalamus do not rctaid forma¬ 
tion of a habit involving the disciimination of light fiom daikncss 

Severe bilateral lesions in the geniculo-striatc system plus severe 
unilateral lesions in the optic thalamus and midbrain regions produce 
a retardation, while complete baateral destruction of those .ireas pro- 
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vents foimation of a habit based on the discrimination of light from 
darkness 

Lesions in the anterior parts of the supenoi colliculi, involving 
tlie optic thalami or optic fibers to the thalami and midbrain in tins 
region, produce retardation on the jumping stand m learning the 
black-white discrimination habit 

There is a suggestion that it is the optic thalami in the immediate 
vicinity of the anterior pait of the superior colliculi which, when in¬ 
vaded, pioduce retardation in learning to discriminate black from 
white on the jumping stand Theie is some evidence which indicates 
that retardation in learning the black-white discnmination is roughly 
proportional to the seveiity of the optic thalamic lesion 

An unusually large peicentage of cases with lesions in the superior 
colliculi and optic tlialami show abnormal jumping behavior 
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TERRITORIAL BEHAVIOR OF NORMAL AND CAS¬ 
TRATED FEMALES OF ANOLIS CAROLINENSIS* 

From the Biological Laboratories of Harvard University 


Llewellyn Thomas Evans 


Introduction 

It is well known that feniales as well as males of various species 
of birds defend their territory against intiuders (Howard 3, 4> 
Kinsey 5, Michencr and Michener 6). Territoriality among male 
lizards has been reported by Newman and Patterson (7), Noble 
and Bradley (8), Rollinat (9), and Wiedemann (10) No one, 
appaiently, has described it for female lizards. 

After conducting experiments on dominance and territoriality 
of normal male Anolis carolmensts (1) and also on both male and 
female castiates of the same species (2), it was discovered that even 
the normal female of this species exhibits marked territoriality, as 
evidenced by the promptness with which she attacks a strange fe¬ 
male intruder on her territory. 

The following report is an account of expeiiments which demon¬ 
strate the territoiial behavior of normal and castrated females of 
Anolis caioltnensis. The castrates used ate part of the gioup lor 
which fighting and dominance behavior has been described (2). 

Materials 

The lizards used were nine normal females shipped from Louisiana 
in Febiuary 1935 and four other females shipped in February 1934 
and bilateially castrated during the first week of June, 1934 The 
experiment extended from July 19 to September 20, 1935 

The animals were fed daily on live flies, occasional spideis, and 
Tenebrio larvae; at intervals they leceived small doses of orange 
juice and cod-liver oil Ultia-violet irradiation was administered 
for short peiiods, especially duiing the winter and spiing months. 
The cages, two feet squaie, weie placed in windows receiving the 
afternoon sun. They were sprinkled with water once a day Giavel, 
branches, baik, and potted plants were placed m each cage. 

*Accepted for publication by Carl Murchison of the Editorial Board and 
icceived in the Editonai Oflice, October 15, 1935. 
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table 1 

Weights in grams 


Castrates 


BA 

BB 

BC 

BD 

2+5 

20 

27 

27 

A 

B 

C 

D*** 

3 5 

3.0 

3 1 

3 26 

BE* 

BF 

2 5 

23 

Average 

3.2 

BG»» 

2 + 



BH 

235 



BI 

2.6 



Average 

244 




•Died 7/22/35 


••Died 8/1/35 


Description 

Table 1 gives the name and average weight of each animal stud¬ 
ied. The weights fluctuated slightly during the course of the ex¬ 
periment. Gains and losses were irregular; some gained ns much 
as four tenths of a gram while others lost as much in the snmc period 
and under identical conditions of environment 

Each female, with the exception of BH and BF, was placed alone 
in a cage BH shared a cage with male Q (same species) whose 
behavior has been described (1), BF shared a cage with one gecko 
(Hemiiiactylus titrcicus) with which she seemed to live quite con¬ 
tentedly, the two often sharing the same narrow crevice in a par¬ 
ticular piece of bark Each female remained m her own cage dui- 
jng the entire experiment except for the few minmes every second 
or third day when she was used as an intruder in another cage. 
Only rarely were records secuied daily since it was found that much 
moie consistent behavior resulted when the animals were left un- 
distuibed (except for the daily feeding and wateiing) for at least 
48 liouis Sunshine was also requisite to consistent territorial be¬ 
havior 

When a female is placed in a strange cage, the following eXic the 
usual activities The stranger invariably licks the branch or othei 
substratum on which she happens to find herself. A resident never 
does this. The stranger clearly recognizes a change in her en¬ 
vironment for she gazes about her new surroundings with gical 
intentness and cuiiosity and frequently sets forth to explore cvciy 
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part of the catje. As she is movtni:^ About thus, she suddenly catches 
sight of the icsidcnt female who has been watching the intruder 
from the moment she entered the cage. This is the signal foi the 
resident to rise up on all foui feet, extend the small fan-likc dewlap 
on her tliroiit, .iml flatten her body latcially (to such a clcgiee that, 
when observed fjom above, Jici head is tlic widest part of lici body) 
as )ier body touches the suhstiaCuin At the same time she bobs her 
head as slic rises up and down on Jier forelegs. Then, with mouth 
open to bite, she springs at the non-icsidcnt wiiich usually turns 
and escapes as lapidly as jwssiblc. 

To secure tlic best evidence of tciritoiiahly four categories of 
encountcis wcic .irrangcd. I. Normal icsident versus normal non¬ 
resident. II Noimal lesidcnt vcisus castmte non-iesident. III. 
Castrate resident versus castrate noiwesidcnt. IV Castrate icsi¬ 
dcnt vcisus normal non-resident. ICnch of the tliiitccn females 
played the role of icsidcnt and non-resident alternately. For con¬ 
venience in refejiing to the ictms icsident and non-resident, the 
abbreviations R and NR, icspcctivcly, will be used, 

The greatest caie was taken to follow the same loutinc each time 
in placing A^R m the cage of R. The obscivcr placed female NR 
on tlic inside of the screen door, closed it quietly, and withdrew 
about five feet to await developments. Experience enables one to 
catch and hold tlie li/ard with only just enough picssure to pievent 
its escape fioni tlic fingcis. When cauglit its actions indicate tliat 
it is more angiy llian ftightened since it bites viciously at tlie Tingcis. 
Fiirthcrmoic, when icle.ised into the strange cage, its obvious and 
immediate inteicst in the new suiioundings seemb to indicate that 
it has completely iccovcred fioin whaievcr emotional clistuibance it 
miglit have suffcied fiom being caught and held m the fingers a 
moment befoie. Handling of the lizauls, tlicn, plays a vciy minoi 
i61e in dcteimimng theii behavioi since in 18 encounters female 
NR replied to the challenge of the female R in like manner. What¬ 
ever pait it docs play, it affects foi the most pait only the imme¬ 
diate behavioi of the NR wheicas the actual evidence of ten {tonal¬ 
ity arises ohiclly from the behavior of the R. It is a fact that lizaids 
which wcic not given the oppoitunity of cxpicssmg then tciii- 
toiial 01 iigliting reflexes wcic definitely less alert, and in some 
eases were less lie.ilthy than those which weic allowed to express 
these reflexes. The fatter were certainly handled moic than the 
formei 
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In category I (normal R versus normal NR) there was a total 
of 66 encounters. Of this total, 16 encounters showed no response 
on the part of either R or NR, while m 44 encounters R alone 
showed combativeness to the extent of chasing NR from the field. 
These 44 combats give definite evidence of territoriality In six en¬ 
counters normal NR showed combativeness by giving the very char¬ 
acteristic dewlap display, et cetera, as described above, but in four 
of these six cases R returned the challenge and quickly defeated 
NR. In the other two cases NR challenged and chased R which 
made no challenge or other combative gesture 

In category II (normal R versus castrate NR) a total of 29 en¬ 
counters was recorded. In 17 of these only R cliallenged and drove 
away NR In nine encounters both R and NR showed combative¬ 
ness by ciiaflenging each other, hue in only one of these did OLStrntc 
NR win the combat by chasing away normal R. The icason for 
this high percentage of castrate NR combativeness in category II 
will be taken up later. No response vims obscived on the part of 
cither R or NR in three encounters 
In category III (castrate R versus castrate NR) a total of 42 
encounters was observed. In 36 of these R alone showed com¬ 
bativeness by alternately challenging;, biting, and chasing NR which 
retreated and often hid to escape the persistent onslaughts These 
attacks of castrate R were not only more vicious and more quickly 
launched but were continued for a longer period than those of normal 
R in category I Four encounters- shelved combativeness on the part 
of NR, but in each case R decisively defeated NR. In two cases no 
response was elicited by either R or NR^ In each of these two en¬ 
counters the castrate R happened to be female D which was sick 
at the time and died soon after. 

In category 2V (castrate R versus normai 24 combats were 
registered In all of these only castrate R was combative The 
normal NR retreated without giving any challenging reaction 

Table 2 records every encounter m which each female took part, 
as R and also as NR. 

The mere combative response of both noimal and castrate fem.ilc 
R against NR is strong evidence of territoriality Although both 
types of R females become combative against NR, if the behavior is 
compared, interesting differences are brought out. 

Although 150 normal females have been under daily observation 



TABLE 2 

Record of 161 Encounters of Not.mal Cafttsated Females 
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at Harvaid during the past two veais, not a single case of com- 
bativeness was noted among them. Apparently the reason lies in 
the fact that the norma! female lacks any obseivable urge or tendency 
to express its dominance over other females that reside habitually 
in the same cage with it. Tins is quite unlike the male winch, aS 
has been described (1), possesses a very strong urge to dominate 
as well as to hold territory. The castrated female resembles the male 
in this legard but to a lesser degree; it exhibits combativcncss to¬ 
ward and dominance over other females and smaller males in the 
same cage. Moreover, castrated females in the same cage with 
males that are fighting sometimes imitate the fighting postures of 
the males (2). 

Usually the castrate female R challenges, by means of dewlap 
display and flattening of the sides of the body, from whatever spot 
she happens to be when the intruder enters the cage She then 
advances slowly, stopping frequently to stiut with extended dewlap. 
Then she will charge swiftly with mouth open to bite Ni2, unless 
the latter is quick enough to avoid her 

The normal female sometimes duplicates the behavior of the 
castrate but more often she merely watches NR intently for a 
short time. Then she suddenly runs at NR with mouth open, but 
stops when about two inches away, where she proceeds to challenge 
and strut for a few seconds, Suddenly she leaps at the stranger to 
bite her and then chases her about the cage, unless NR has already 
retreated before this final attack is launched. 

Details of the data contained m Table 3 will be elaborated in the 
following paragraphs. 

.The time interval elapsing from the moment an intruder is placed 
ifi the cage until R responds with the challenge or pursuit is termed 
the reaction time. Where only R shows combativeness, this reaction 
time of R in each of the four categories of encounters is as follows* 

I Normal R vs. normal NR The average reaction time of 44 
encounters was 6 IS minutes. 

II. Normal R vs. castrate NR The average reaction time of 
17 encounters was 5.2 minutes. 

III. Castrate R vs. castrate NR. The average for 36 encounters 
was 1.25 minutes 

IV. Castrate R vs normal NR. The average for 24 encounters 
was 1.0 minute 
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These figures indicate that castiate R gives objective evidence of 
territoriality by challenging NR in from 1/4 to 1/5 the time re- 
quiied for the noimal R to give the same observable response. 

A further difference m the behavior between the castrate and the 
normal lies m the number of encounters wherein tlicre was no 
response elicited In category I, 16 non-responses (24 pei cent) 
out of 66 encounters aie recorded In category II there were three 
non-responses (lO.O per cent) out of Z9 encounters, fn category 
III there were two non-responses (47 per cent) out of a total of 
42 encounteis Category IV gives no non-responses out of a total 
of 24 encounters. 

Turning now to the combativeness of NR in the four categories 
of encounteis, we find the following: 

Category I Four cases of NR combativeness out of 66 encounters 
are on record, but R defeated NR m each of these cases. Two cases 
show that normal NR alone gave evidence of combativeness. The 
percentage of normal NR combativeness was 9.2 per cent 

Category II. Nine encounters (31 per cent) out of a total of 29 
encounters is the record of combativeness on the part of castrate NR. 
However, in only one of these nine cases did R fail to show com¬ 
bativeness 

Category III. Four out of 42 encounters showed combativeness 
on the part of castrate NR but in each case castrate R defeated NR 
This repiesents 9 5 per cent combativeness in this category. 

Category IV. In this group there were no cases of NR com¬ 
bativeness out of a total of 24 encounters 

Regarding instances where the resident failed to respond com¬ 
batively while the non-resident did so, it is noted that the percentages 
of such encounters in each category are* I—3.0 per cent, II—3 4 
per cent. III—0 0 per cent, IV—0 0 per cent 

Discussion 

That females of Anohs cm oltnensis, whether normal or castrated, 
exhibit combativeness has been adequately demonstiated by the 
foiegoing description, although Noble and Bradley (8) have stated 
that females never do so That the combativeness arises as an 
element in the uige to hold teiiitoiy is piovcn by the fact that when 
a normal female is R, she not only defeats the normal NR in 73,3 
pel cent of the encounters, but is the only one of the two individuals 



56 


JOURNAL OF GENETIC PSYCHOLOGY 


concerned to exhibit combativeness. When the same normal fcm.'ile 
is NRj she shows combativeness m only 9.2 per cent of the en¬ 
counters and \t\ 3 per cent of the encounters she is the sole combatant, 
The territoriaUty of the castrate R is even more strongly expressed 
as opposed to the castrate NR» showing combativeness in 90 per 
cent of the encounters, while the same castrate as NR shows only 
9 5 per cent This is brought out in Tables 2 and 3. 

It seems obvious that the marked difference in behavior of castrates 
and normals is best explained by the prerence, or relative absence, of 
the ovarian hormone ox hormones. 

The following factors axe discussed here individually, as they 
vary in the case of castrates or of normals. 

yj. Reaction time of R 
B Average weight of IfR 
C Average weight of R 
D. Percentage of R combativeneas 
E Percentage of non-Tcsponaes of both R end NR 
f Percentage of HR combativeness 
G Percentage of noD-responses of R, alone. 

When these factors are considered separately, there seems to be 
little or no correlation between castrate and normal behavior but, 
when each factor is studied in its relation to the others, the real 
significance of the comparison between the two types of females is 
emphasized Figure I gives these factors giaphically on a per¬ 
centage basis and should be compared with Table 3. 

In comparing factors A and E of categories I (normal R vs. 
normal NR) and III (castrate R vs castrate NR) it is noted that 
A (reaction time of R) and E (percentage of non-response of R and 
NR) arc extremely high In category I and very low in category III. 
This indicates that the combativeness of the normal female is in¬ 
hibited to a considerable extent by some agent which is believed to 
be the ovarian hormone or hormones 

On the other hand, F (percentage of NR combativeness) is prac¬ 
tically the same in categories I and III, being 9 2 per cent and 9 5 
per cent, respectively. This fact is correlated with factor B (aver¬ 
age weight of NR) and factor C (average weight of R) because 
size and weight of combatants is known to influence the outcome of 
an encounter (1). In category I both R and NR average the same 
in weight (2.44 grams) and this is also true in category III (3.2 
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FIGURE 1 

To show territorial behavior of normal and castrated females of AnoUi 
carolinensis in four categories. I. Normal resident versus normal non¬ 
resident, II. Normal resident versus castrate non-resident. Ill. Castrate 
resident versus castrate non-resident, IV Castrate resident versus normal 
non-resident. 

A—^The reaction time of residents, in percentage, assuming that of resi¬ 
dent of category I to be 100 per cent. 

B—Average weight of non-resident in percentage, assuming that the 
normal female is 76 per cent of the weight of castrate. 

C—Average weight of resident in percentage 

D—Percentage of resident combativeness 

E—Percentage of non-responses of both resident and non-resident. 

F—Percentage of non-resident cotnbativeness 

G—-Percentage of resident negative responses with non-resident com¬ 
bativeness. 

grams). This explains, perhaps, why NR combativeness is prac¬ 
tically the same in categories I and III 

In category 11 (normal R vs. castrate NR) and in category IV 
(castrate R vs noimal NR) it is noted that factor D (combativeness 
of R) IS 65 per cent in 11 and 100 per cent in IV. Obviously 
factor B (average weight in NR) plays a part in determining the 
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TABLE 3 


r 

Normal R* 
vs 

normal NR 

II 

Normal R 
vs, 

castrate NR 

III 

Castrate R 
vs 

castrate NR 

IV 

Castrate R 

vs 

norm.Tl NR 

Total encounters 66 

29 

42 

24 

Non-responses of 

both NR and R 16 

3 

2 

0 

Cases of combativenesa 
of R with retreat 
response of NR 4+ 

17 

36 

24 

Total cases of NR 
combativeneas 6 

9 

4 

0 

Cases of NR com¬ 
bativenesa with non¬ 
response of resident 2 

1 

0 

0 

Average reaction time 
(mirutea) of R with 
non-response of NR 618 

S2 

1.25 

1 0 

Percentage of R com¬ 
bativenesa with re¬ 
treat response of NR 73 3% 

65.4% 

90.0% 

100 a% 

Percentage oi NR com¬ 
bativenesa 9 Zfo 

3107ff 

9.5% 

0 0%) 

Percentage of non¬ 
response of R and NR 34- 0% 

10.0% 

4.7% 

0.0%) 

Percentage of com- 
bativenese of NR 

With non-response 

of R 3 0% 

3 4% 

0,0% 

0 0% 

Average weight of R 
in grama 244 

2.44 

3 2 

3.2 

Average weight of NR 
in grama 2.44 

32 

32 

244 


■R—resident, NR —tion-resident, 


difiEercnce in percentage of combativeness of II and IV In category 
II the NR is a castrate and weighs 3 2 grams while the normal R 
wejghs only 2 44 grams. In category IV the NR is a noimal and 
weighs 2.44 grams and the ^ is a castrate and weighs 3.2 grams. It 
IS natural to suppose that the combativeness of noimal R sliould 
drop from 73 3 per cent for an adversary of her own size to 65 5 
per cent for a rival 24 per cent heavier It should be mentioned in 
this connection that factor D (combativeness oi R) is 73.3 per cent 
in category I and 90 per cent in tatcgory III In other words, the 
castrate R is 16 7 per cent more combative when opposed by a 
castrate NR than is the normal R when opposed by a normal NR 
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Whereas factor F (combativcncss of NR) is equal in categories I 
and III, it is not so for categories II and IV. In II, whcic i? is a 
normal and NR is a castrate weighing 24 per cent more, the com- 
hativcness of NR is 31 per cent while in IV, where the i? is a cas¬ 
trate and the NR is 24 per cent lighter, the combativcncss of NR is 
0.0 per cent. 

This complete lack of combativcncss of the noimal NR in category 
IV and the high percentage of combativcncss of the castrate NR in 
category 11 is still easier to explain when it is recalled that the 
castrate NR in category II has three factors in her favor, a shorter 
reaction time, a weight advantage, and a gieater intiinsic pugnacity 
than the noimal R, In IV the normal NR is handicapped by being 
smaller and less pugnacious and by having a longer reaction time 
than the castrate R. 

Even factor G (percentage of non-responses of R alone) sliows 
tliat the castrate R in categoiies III and IV is more decisive and less 
inhibited than the noimal R in categories I and II, as indicated by 
the recoid for each category. I—3 per cent, II—3.4 per cent, III— 
0.0 per cent, IV—0 0 per cent. 

General Summary 

Territoriality is described for the first time in normal and 
castiated female lizards. Combativcncss and the uige to defend 
territory aic shown to be stronger in castiates than in normals as 
indicated in the four categories of cncounteis given in Table 4. 

The average weight of the castrates was 24 per cent greater than 
that of contiols. (Ovaries of castrates were removed 13 months 
before these experiments were begun.) 


TABLE 4 



Norm.nl R* 
vs 

normal NR 

Castrate R 
vs 

castrate NR 

Norma] R 

VSi 

castrate NR 

Castrate R 

vs 

normal NR 

Combativeness of 
resident 

73 i% 

90 0% 

65 4% 

100 0i% 

Combativcncss of 
non-reaident 

9 2% 

9 5% 

31 0% 

0,0% 

Non-response 

encounters 

24 0% 

4.7% 

10.0% 

0.0% 

Reaction time of 

resident (mmiitcs) 6 18 

1 25 

5 2 

1 0 


—reaidpnt, NR —non-resident 
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These details reveal strong evidence that the relative dissimilarity 
in territorial behavior of normal and castrated females ts due to the 
presence or relative absence of the hormone or hormones secreted by 
the ovaries 
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DIFFERENTIAL RESPONSES OF THE NEW-BORN CAT 
TO GUSTATORY STIMULI* 

From the Psychological Laboratory of Brown University 


Carl Ppaffmann 


The earliest reported observations upon the taste sensitivity in 
the new-born cat were those of Mills (3). Kittens two days old 
were found to suck vigorously when the tip of a feather moistened 
In milk was inserted m their mouths The same reactions occurred 
as well for salt, aloes (a bitter producing substance), and sugar 
solutions Animals six days old responded negatively to salt and 
aloes solutions as contrasted with the positive reaction to milk and 
sugar. On the ninth day, several animals were observed to lick a 
piece of candy as well as a crystal of sodium chloride. In the latter 
case, however, Mills describes the behavior as characteristically that 
of disgust. By the eleventh day, he notes that the responses to 
bitter were definitely those of avoidance. 

Tilney and Casamajor (4) studied the reactive and receptive 
capacities of the fetal and new-boin cat with especial reference to 
the relation between the onset of myelinization and the onset of 
neural function. They beiieve that the gustatory apparatus is of 
little importance in directing the behavior of these young organ¬ 
isms, since the kittens would approach and suck the female in a 
normal manner when the nipple was painted with quinine, petrole¬ 
um, or witli ether to dissolve and evaporate certain fatty substances. 
If, however, the nipple was coated with collodion so that its erec¬ 
tile character was lost, the response was distorted. The myeliniza- 
tion apparent in some of the cranial nerves supplying the mouth was 
considered in relation to the highly coordinated sucking responses 
to be observed in the new-born. 

Langworthy (2), m further studies on the kitten, pointed out that 
the gustatory sensitivity of this animal had not been adequately tested 
and emphasized the fact that there are definite signs of myelin in the 
peripheral nerves of the mouth as well as the tractus solitarius, by 

“Accepted for publication by Leonard Carmichael of the Editorial Board 
and received m the Editorial OfHce, November 18, 193 S 
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way of which the taste fibers arc assumed to pass to the higher 
centers. 

A device making possible more delicate recording of gustatory 
sensitivity in the cat than has beer possible in the past and the re¬ 
sults of the use of this device are presented in this paper. 

Apparatus and Procbdurb 

The apparatus is a modification of that used by Jensen with human 



noURB I 

DiACMtt OF THE APPARATUS 

infants (1) and, as indicated in Figure 1, consists of a 25-cc. Erlen- 
meyer flasic (5) fitted widi a small rubber nipple (N) to serve as a 
nursing bottle Three additional smaU outlets had been added to the 
flask, two of these fitted with rubber sleeves so that a thermometer 
(T) and a medicine dropper (D) could be inserted into each. The 
other, in the base of the flask, was fitted with a stopcock (SCs) and 
connected by rubber tubing (H) throug)i a three-way stopcock 
(iSCi) to a U-tube water manometer (U) A cork float with an 
attached writing arm was inserted in the arm of the manometer. 
One outlet of the three-way stopcock was open to the air so that the 
system could be opened or closed in order to return the pressure in 
the system to that of the atmosphere. A marker (TM) wired in 
series with a battery and metronome (M) indicated the time in 
seconds A long paper kymograph, controlled by a foot lever, was 
used. 
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For an cxpeiiinciital trial, the mcdiLinc tlioppci filled witli stimu¬ 
lating solution was inseitcd in the neck of the bottle containing -waim 
cow’s milk diluted with watei in the latio of 1 1. The bottle w.is 
then clamped in place at an angle of 20-25*, about two inches above 
the table suifacc. All stopcocks weic opened and the cat held bcfoie 
the “aitificial mothci ” When sucking movements began, the kymo- 
giaph was staited and the air system closed so that tlic piessuie 
volume changes in the system would be accurately lecoidccl hy the 
manomctci as milk was withdrawn thiough the nipple. Shoitly after 
the beginning of the icsponsc, the solution in the medicine diopper 
would he mixed with that in the bottle by squeezing the bulb. The 
momentaiy piessuie incicasc lesulting from this manipulation ap¬ 
pealed on the iccoid as a slight jag oi notch and scived to indicate 
that point at whicii stimulation took place. Tempeiatuics weic 
lecoided aftci eacli tiial 

Seven animals wcie used in the expciimcnt, animals 1 and 2 fioin 
a littei boin ]\iaicli 21, 1935, and animals 3, 4, 5, 6, and 7 fiom a 
littci boin Maich 26, 1935 Animals 1, 2, and 3 weic tested ten days 
after birth foi a peiiod of ten days. Each day duiing this peiiod tlie 
animals weic left with the female foi 12 horns, tested at the end of 
appioximatelj' six houis, again six houis latei, and then letuiiied to 
the female This schedule was found necessaiy for maintaining the 
health of the kittens, since m this way they weic cleaned and ade¬ 
quately fed duiiiig pait of each day it was also noted that control 
of the sphincteis at this eaily stage of development was apparently 
inadequate and that the stimulation of the sphincteis by the female 
by licking was veiv impoitant in bunging about elimination 
Animals 4, 5, 6, and 7 weie isolated two houis aftci bittli, fed 
aitificiallv scvcial times, tested once 18 houis aftei biith and again 
font liouis latei No fuithei tiials weie earned out 

Results 

Samples of the lecoids aie piesented in Figiiie 2 Contiol lecoid 
1 illustintes the icsult when the milk contained in tlie nuising bottle 
slowly leaked out of the nipple, and lontiol lecoid 2, when the cx- 
pciimcntcr manipulated the nipple bv liand to be contiasted with those 
recotds obt.uncd when the animal actively sucked Each stcp-like 
foimation on tlie lecotds of this lattei gioup was assumed to icpic- 
sent an individual suck since the movements of tlie animal’s law and 
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mouth when feeding appeared to be synchronized with each down¬ 
ward displacement of the writing arm. The response to milk indi¬ 
cates that the momentary pressure increase occasioned by pressing 
the bulb of the medicine dropper, when this contained water alone, 
did not distort the response, whereas the addition of taste stimuli by 
such manipulation, as indicated accordingly in the other records, 
did modify the response. Such modified responses, characterized by 
the change in slope and regularity of the curves, were designated as 
negative or differential. The undistorted responses were classified as 
positive or normal. The average number of sucks following the ad¬ 
dition of each of the solutions was also taken to be indicative of 
whether a differential response had occurred. Both measures are 
included in each of the following tables 

1. Responses of the Day-Old Cat to Sodium Chloride, Animals 4, 
5, 6, and 7, as described above, were tested during the first day after 
birth. In this case, an effort was made to obtain two curves at each 
experimental peiiod, namely, a control record in which the effect 
of the pressure increase alone, and a test record, in which the effect 
of the salt solution (NaCl 1 M concentration),^ was determined. 
In some cases it was not po^ble to obUun two such records. 

Table 1 summarizes the responses of the day-old cat. In the first 


TABLE 1 

Summary of the Responses Durino the First Day 


Temp. 

Animal 

30-34* C. 
Age in 
hours 

Starvation period, 4-6 

Milk 

hours 

Salt 

4 

18 

+ 

X 

5 

18 

+ 

X 

6 

18 

+ 

— ? 

5 

22 


— ? 

4 

22 

+ 

— 

6 

22 

+ 

— 

7 

22 

X 

— 

Total -4* responses 


6 

0 

Total — responses 


0 

5 

Average number of sucks 

17 

84 


^It should be pointed out that this concentration refers only to that con¬ 
tained m the medicine dropper. Since it was impossible to determine the 
exact concentiation stimulating the animal, no attempt wos made to ascer¬ 
tain the concentration used with the^older animals, the only control of this 
factor being in the use of the same concentration of a given stimulating 
solution throughout the entire expeiiment. 
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three trials given at IS hours, the control tests were given first, 
whereas in the other trials, the salt tests were followed by the con¬ 
trols It will be seen that milk alone always resulted in a positive or 
undistorted response whereas the addition of salt disrupted the suck¬ 
ing. In two cases the responses were questionable; m one, the 
nature of the response suggested that the pressure interfered with 
the response, and in the second, the sucking was irregular before as 
well as after the addition of salt Fewer individual sucks occurred 
after the addition of salt than after the addition of plain water. It 
IS therefore concluded that gustatory sensitivity to salt has been 
demonstrated m the new-born cat 

2. Responses dxinng ihe Ten- to Twenty-Day Periods. Three 
animals, 1,2, and 3, were tested twice a day for a period of ten days, 
each test series being preceded by a starvation period of approximately 
the same dutstron, as described above, In some cases several records 
could be obtained during a single test period, while at other times 
none were obtained. 

Table 2 summarizes the responses during the ten- to twenty-day 
TABLE 2 

SUMVIARY TO THE RESPONSM DwRIMO THE 10- TO 20-DAY PERIOD Ari’ER UlRTlI 


Temp. 34-3S* Starvation period, 5-8 hours. 

Milk Salt Quassia Acid Sugar 

Animal +— +— +— +— + — 


1 3 

2 

0 

S 

1 

3 

0 

1 

X 

X 

2 < 

0 

Q 

3 

t 

3 

0 

1 

X 

X 

3 4 

0 

0 

1 

2 

1 

X 

X 

1 

0 

Total 13 

Average number 

2 

0 

9 

4 

7 

0 

2 

1 

0 

of sucks 

157 


37 


81 


55 


X 


period when salt, quassia (bitter producing), and acid were added to 
milk, as well as the positive responses obtained from milk alone and 
from sweetened water after the same animal had consistently refused 
to suck plain water. The plus column indicates the number of un- 
distorted responses, the minus column the distorted or differential 
responses for each of the several conditions. The evidence for acid 
and sugar sensitivity is mcomplete, but is presented as an item of 
interest Since the total number of negative responses increases and 
the average number of sucks decreases with the addition of quassia, 
salt, and acid it is concluded that gustatory sensitivity to substances 




CA.RI* 


67 


usually described as salty, bitter, and sour in taste has been demon¬ 
strated. Also since these animals refused water, but accepted milk 
and water, and since the one animal tested with a solution of sugar 
and water accepted this, it is concluded that sensitivity to substances 
usually described as sweet in taste is indicated. 

Summary 

1. A method for investigating the gustatory sensitivity m the 
new'born mammal, the cat, has been described. 

2. The day-old cat has been shown to respond differentially to 
a mixture of sodium chloride and milk. 

3. The ten-day-old cat has been shown to respond differentially 
to stimuli which usually give rise to the taste qualities of salt and 
bitter. Sensitivity to substances usually giving rise to a sweet and 
sour taste is also indicated. 

4. The results of the present investigation arc considered as pre¬ 
liminary, merely respresenting some qualitative observations by means 
of an accurate and controlled method for gustatory experimentation 
on young mammals. 
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INTERLINKAGE OF SENSORY MEMORIES IN RELA¬ 
TION TO TRAINING IN DRAWING* 


Betty Lark-Horovitz 


The Problem 

Whenever there is occasion to watch an adult attempting to draw 
a picture of some object familiar to him or trying to sketch a map 
or a setting that he wants to explain, one will observe that he has 
gieat difficulty m giving a graphic presentation of that which he 
has in mind, and that the result will be primitive or childish 

Observations of this kmd have induced the question, Why is it 
that an adult, mature in his verbal or written expression and able 
to give in words a faulv accurate desciiption, fails so considerably 
when drawing? Is it lack of manual ability? Is it lack of memory 
of the objects he has been asked to draw? Or is it the kind of 
memory which retains the object in a form unfit for graphic presen¬ 
tation? 

In the following an attempt is made to answer these questions and 
to throw some light on the interesting fact that our abilities in 
graphic presentation are far behind our abilities m verbal presentation. 

The Experiment 

The experiment consisted in drawmg the following objects from 
memory. 

Violin 

Chair 

Church 

Duck 

Horse 

Man, woman, child 

Flower (the one you know or like best) 

Tree (the one you know or like best) 

Automobile 

Town street or country road (which extends away from the 
place on which you Imagine you are standing. Draw some 
objects along side the stieet or road ) 

•Recommended by Harriet E O’Shen, accepted for publication by Carl 
Murchison of the Editorial Board, and received in the Editorial Office, 
November 18, 1935, 
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The objects enumerated above were selected for tins drawing 
test so as to be able to compare the results with the results of similar 
tests given by Georg Kerschensteiner in 1905 to some 50,000 Munich 
school children of ages six to 14 The only difference between the 
two tests consists in the addition of the automobile, the specification 
as to the flower and tree, and in narrowing down Kerschensteiner’s 
perspective test to “a town street or country road” with the observer 
standing on it and the street extending away from him into the dis¬ 
tance. This helped to avoid misunderstandings and led to results 
which were ready for interpretation as to correctness of drawing 
A pencil and white paper were the materials used for the drawing. 
One hundred seventy adults were tested' 74 men, and 96 women. 
The ages of the persons tested are shown in the following table. 


TABLE 1 


Age 

Men 

Women 

Men— 

percentage 

Women— 

percentage 

Up to 20 

17 

20 

23 

30 

21 to 25 

17 

28 

23 

29 

26 to 30 

5 

6 

8 

6 

31 to 3S 

7 

4 

9 

4 

36 to 40 

10 

8 

13 

8^ 

41 to 45 

3 

8 

♦ 

%]/i 

A6 to SO 

S 

6 

CV 2 

6 

51 to 55 

6 

4 

S 

4 

56 to &0 

1 

2 


2 

61 to 65 

66 to 70 

1 

1 

xy2 

1 


The distribution according to race of the persons tested was* 
white race 146, yellow race 8, and black race 16 

After the completion of the drawings the following questionnaire 
was answered. 

Time: 

Please pat the same name on this paper and on your 
drawings 

Kindly answer the following questions* 

1 American? If not, what n.'itionality and school¬ 
ing? 

2. Age? 

3 Righthanded? 

♦ What profession do you, did you or are you go¬ 
ing to practice? 
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S. Father’s profcaaion or activity? 

6 Did you draw, when a child, at home (just for the 
fun of It) ? 

7. Did you draw in school? What were you sup¬ 
posed to draw in school? 

8. Flowers? 

9. All kinds of objects? 

10. Living- things? 

11. From memory? 

12 Did you copy? 

13 Are you deft with your hands in making things? 

14 Are you awkward? 

15 Winch object do you think waa the moat difficult 
to draw in this experiment? 

16 Try to give an account how you proceeded men¬ 
tally when you were making these drawings? 

17 If you had a distinct picture in your mind of the 
object you were to draw, did you try to follow the 
shape of this picture intuitively with your hand 
just ne you would when copying a picture or a 
real object? 

18. Or, did you try to remember how this object was 
made, of what parts it consisted, how long and 
wide these parts were, what was its moving 
mechanism and did you then reconstruct it ac¬ 
cordingly? 

Results 

Regardless of the training, general intelligence or profession of 
the person tested, the drawings tliey produced showed a strong like¬ 
ness to the drawings of children who have received practically no 
training and whose graphic development has not been interfered 
with. This likeness coriesponds to drawings by children of different 
ages and stages of development. 

Presen/aiiori of D) awing In following Kerschensteiner’s de¬ 
scription of the developmental stages of children’s drawings, we 
refer to them as schematic or formula (formalized) presentation 
(Schema), presentation true to appearance {e}schetnungsgc7naess)i 
and presentation true to foim {foungetnaess). 

As schematic presentation we may designate the drawing of sym¬ 
bols for certain chaiacteristics of the object piescnted. The child 
knows these symbols which he works out, combines, and unifies them 
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into a whole picture. He uses these symbols in much the same way 
as an alphabet is used during a certain stage of mental development. 
The different symbols so employed are characteristic for the indi¬ 
vidual creating them The picture thus created is neither true to 
appearance nor true to form and nature. However, it is true and 
faultless according to the child’s own logical knowledge of the 
structure, growth or ‘'make” of things in the abstract sense. The 
shape of the object is only vaguely observed. Details are added as 
additional facts are remembered and connected with or inserted into 
the mam outline. Hence, for example, the transparency (Figure 4, 
35, 36) of many children's as well as adults’ drawings. Correct pro¬ 
portion is r.qther an accident, certainly an exception to the rule of the 
schematic drawing. The drawing does not take into account the 
impossibility of a simultaneous front, side, or back view. Instead, 
the presentation is such that the observer seems to have changed 
his position and drawn the sum of his observations into one picture 
(Figure 3, 16, 17) 

The presentation true to appearance gives a picture In correct 
proportions as to size The shape of the object as a whole and 
the details are fairly correct. The whole presentation, however, 
is two-dimensional, that is, depth, foreshortening, and distance arc 
still disregarded (Figure 3, 21, 22, 26; Figure 4, 41, 42, 43) 

The presentation true to form has all the characteristics of the 
presentation true to appearance, yet attempts successfully a graphic 
outline of depth, foreshortening, and distance—it is a perspective 
drawing (Figure 1, 5; Figure 3, 25, Figure 2, 9). 

Kerschensteiner has classified the results of his drawing tests 
under these three headings, schematic presentation, presentation true 
to appearance, presentation true to form, and their intermediate 
stages, the development naturally being a continuous one gradually 
growing from one stage into the next 

The drawings of the 170 adults who participated in the experi¬ 
ment show an overwhelming number of qualities of the schematic or 
formula stage, that is, they compare with the drawings of untrained 
children, chiefly between the ages of six and 10. (Figure I, 1, 2, 3, 
6, 7; Figure 2, 10, 11, 12, 13, 14, 15; Figure 3, 16, 17, 18, 19, 23, 
24, 27, 28, 29, 30; Figure 4, 31, 32, 33, 34, 35, 36, 39, 40, 45, 46, 
47,49,50.) 

The best developed drawings, entirely true to appearance and 




FIGURE 1 

1 51-yeai-olcl farmei, tried to reconstiuct mental pictnic “by thinking 
years back” 

2 21-year-old engineering student, fathci—farmer, no drawing in school 

3 36-year-old theoretical scientist, one year of art school 

4 38-year-old faimei, reconstructs mental pictme, never dicw at all 

5 19-yenr-old engineering student, diew at home and at school, recon- 
stnicts his mental picture “remember any details I can recall from 
past experiences ” 

6 SO-year-oltl Negro woman 

7 53-year-old Negro, house servant 
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FIGURE 2 

S 46-ycar-old negro cKauReur, emphaM^sed the miineioiis dct<'iili> he le- 
mcinhcred; menlionec! that he noticei living things heltci 

9 26-ye!ir-oI(i Chinese engineering student, remniked that he thought 
first of everything he w.inted to draw and that “must bung it to youi 
mind ” 

10 Draivn by adult. 

11 Draivn by Z-yenr-old child* 

12 Drawn by 9-yeai-oId child,* 

13 Drawn by adult 

14 Drawn by adult 

IS, Drawn by 9-ycar-oId child* 

*From Georg Kerschensteiner 
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FIGURE 3 


16 

Di awn 

by ndiilt 


17 

Drawn 

by 10-yeai-old 

child * 

18 

Drawn 

by adult 


19 

Drawn 

by 6-yeai-old 

child * 

20 

Drawn 

by adult 


21 

Di awn 

by adult 


22 

Di awn 

by 8-yeai-old 

child 

23 

Drawn 

by 7-ycar*old 

child ♦ 

24 

Drawn 

by adult 


2S 

Di awn 

by 9-yea 1 -old child • 

26 

]3i awn 

by adult 


27 

Di awn 

by adult 


28 

Diavvn 

by 8-ycai-old 

child * 

29 

Di awn 

by adult 


30 

Drawn 

by 7-year-old 

child ^ 


*Fioin Georg Keischenstciner, 
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FIGURE 4 


31 

l.lr.Twn bv aduU 

+2 

Drawn by .idnlt Negro 

12. 

Drmvn by 

6-year-old child* 

+3 

Drawn by adult Negio 

33 

Drawn by 

adult. 

44. 

Drnwn by adult Negro. 

1+ 

Drawn by 

7-year'Old child * 

45 

Drawn by adult, 

IS 

Drawn by 

8->ear-old child* 

4C 

Drawn by 6-yeni-old child 

36 

Drawn by 

adult 

+7 

Drawn by adult, 

17 

Drawn by 

nduit. 

48 

Drnwn by adult 

38. 

Drawn by 

9-year'Old child •• 

49. 

Drawn by adult 

19 

Drawn by 

adult 

50. 

Drawn by adult 

40. 

Drawn by 

adult. 

51. 

Drawn by adult 

41 

Drawn by 

adult Chinese 




*From G. Roumn' Le Tangunge graphique dca cnfnnts 
••Frorci. Geacg Kcv«cl».eO«eiaet 
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somewhat true to form are shown in Figure 1, 5, Figure 2, 9. The 
drawings ranging lowest as to their presentation are shown in Figure 
1, 6, 7; Figure 2, 10, 14; Figure 3, 27, 29; Figure 4, 31, 33, 36, 
45, 47, 49. The main bulk of the drawings lies in between these two 
extremes, showing m the main, however, features of the schema, 
and therefore can be classified under that heading 

Correctness of Drawing. A critical survey of the correctness of 
the objects drawn shows that in general the man-made objects are 
more correctly drawn than the living ones. The drawings of violins 
are an exception as many people have simply never handled one but 
have only seen it at a distance and even that not very frequently. 
Those persons who have owned or played a violin can always be 
recognized (and questioning showed this to be correct in every 
instance) because they draw the correct number of pegs, place them 
in fairly correct position, give the scroll a recognizable shape, and 
never forget to accentuate the sides 
The drawings of a chair always show all the attributes of a 
chair and in fairly correct proportions Two-thirds of the presen¬ 
tations are given m correct perspective view 

The drawings of a church are neaiest to children’s drawings of 
this object. It either gives a flat, one-sided view, a fagade without 
body (Figure 2, 14, 15); or attempts to show two sides and fails 
(Figure 2, 10, 11, 12, 13) Sometimes three sides are shown in 
one front drawing, the sides bring \mfo\ded and Vaid ftat in a p\ane. 
(Figure 3, 16, 17) 

The common feature of all the diawmgs of living objects such as 
those of the duck, the horse, and of people is that one prominent 
part or detail (usually the head) of the animal oi person, is shaped 
fairly true to appearance, while the rest is neglected and treated 
schematically By covering up one prominent part of the picture 
the remainder often turns out to be entirely unrecognizable. 

In the case of the duck, the drawings, on the whole, do not display 
anything but the features of some composite bird Very seldom is 
the resemblance to the species achieved and then only in one or two 
important points (Figure 3, 18, 19, 20, 22, 23, 24). 

The presentation of the hoise by the adult differs in general from 
that of the child’s in the make-up of the mental picture. The adult 
never puts a person on the horse unless requested to do so, while 
most children do not want to separate horse and rider (Figure 3, 
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28, 30) The horse is aot only presented incorj-fictly as to type— 
usually can be taken for a mule or an ass at its best—but the legs 
are shown with joints bent in the wrong direction (Figure 1, 3). 
The anatomical structure is an impossible one and would be wrong 
for any other four-legged mammal 

The drawings ot the "man, woman, child" show a more mature 
presentation of the face than the child achieves. Otherwise they 
are on the same level Quite a number of drawings bear all the 
characteristics of the child’s schema of the human iorni in their 
variations, for example, transparency of the figure (Figure 4, 35, 
36), mixed profile (Figure 4, 31, 32), arms and legs in the form of 
pipes or soft tubes which end in five or less indentations for fingers 
(Figure 1, 1, 4-), the profile of the head pointing one wav, the 
main part of the body facing forward while the feet point oppositely 
to the profile. 

"Flower" and "tree" are the two objects which bring more at¬ 
tempts of presentations true to appearance than of schemata. They 
show a good deal of incorrectness as to growth, in analogy with 
the anatomical mistakes displayed in the drawings of animals and 
persons, and the lack of knowledge as to the true form of man¬ 
made objects. 

Drawings of the automobile, which k more familiar to most 
people than a horse, display no better knowledge of its construction 
than of other objects. (Compare the automobile in Figure 2, 8, to 
the horse made by the same man, who is a chauffeur by profession). 
The correctness of design, however, seems to vary among the groups 
tested according to the group’s profession. 

As to the last object, the perspective drawing of a street or 
country road, the failure is more obvious than in any of tlie other 
presentations. People with a maximum of educational background, 
such as scientists, engineers, etc., who are fully acquainted with the 
laws of perspective, tail to make use of this knowledge (Figure 1, 3; 
Figure 4, 49). Most adults remember that a road seems to become 
narrower the farther it extends, but they know little beyond this. 
Objects alongside the road are drawn as if they grew or were con¬ 
structed not in an upright position, but at an angle of 45“ to the 
vertical (Figure 4, 50, 51). In some cases they arc even laid 
down flat or tipped over along the road as if their walls and windows 
were in one plane with the road (Figure 4, 47, 48). Table 2 shows 
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the degrees of achfcvement of a true perspective view. Distinctly 
half of the subjects tested failed entirely In this failure more 
women than men were engaged. Only one out of every 14' persons 
was able to draw a correct picture and of these the majority were 
men 

Correctness of Drawing in Relation to Race and Profession It 
has not been possible to observe any difference in the abilities of 
persons of different races. The scale of achievement of the eight 
Chinese who underwent the test is very much like that of white 
people. The negroes showed a few very poor drawings—com¬ 
parable only to the drawings of children around six years old or 
younger, but so did some of the farmers. The weakest group among 
the persons tested was a small group of orthodox Jews, who had only 
bad some odd bits of scliooling in Hebrew schools in Eastern Europe 
As the group compiised orlv five people, one cannot draw any definite 
conclusions. Five other Jews were tested who h.id had normal 
American schooling, and they showed the average ability of any 
other person who underwent the test. 

The profession, in general, as well as the schooling and baclc- 
ground, do not seem to have much bearing an the outcome of the 
drawings. There are a few exceptions however, notably, the entire 
group of farmers who fell short in. the drawing of the automobile 
and who made their street drawings quite primitive (rating under 
1 and 2 in Table 2). The few other individuals, businessmen by 
profession, who rated rather poorly in the general perfoimance, did, 
however, achieve a correct drawing of the automobile, since this is 
an object connected with their daily work. The women, as a group, 
made more correct drawings of flowers than did the men, The 
negroes, like the farmers, had great difficulties with the automobile. 
One member of this group, a chauffeur, made a comparatively poor 
automobile, but a well-outlined horse (Figure 2, 8). Living objects 
were easier for this group to draw. All their perspective achieve¬ 
ments fall under 1 and 2, in Table 2, the only exception being a 
schoolteacher. A very curious fact worth mentioning is that the faces 
of the “man, woman, child’’ drawn by the negro group are exclu¬ 
sively white people’s faces (Figure 4, 42, 43, 44), while the sketches 
made by the group of Chinese show Chinese characteristics as far 
as features are to be distinguisiied, but the bodies are clothed in 
European dress I 
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FIGURE S 

Curve for "Most Difficult OnjBcr” 


The Questionnaire, Question 15 of the questionnaire: ‘‘Which 
object do you think was the most difficult to draw in this experi¬ 
ment?” shows the deep rooted and very sahent difference in the con¬ 
ception of what “difficult” means to the adult and the child Accord¬ 
ing to the following table and curve the horse is considered to be the 


TABLE 3 

“Most Difficult Object” (in PERcENrAGE) 


Objects 

Men 

Women 

Both 

Horse 

30 

31 

31 

Man, woman, child 

27 

18 

22 

Automobile 

12 

20 

17 

Street 

10 

7 

9 

Duck 

5 

4 

4^ 


most difficult object. Horses, however, are an “easy” object for 
children. Even at a stage when they are still struggling to acquire 
the necessary graphic symbols for drawing a horse, their answer as 
to the difficulty of such a drawing is—none. Judging from what 
seems easy to children and difficult to adults, the curve could almost 
be reversed. 

Difficulty of the object in relation to profession is shown in Table 
4 In this table it is interesting to notice that for the piofessionals, 
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FIGURE 6 

DlFFICULTy of THE OBJECT IN RELATION TO RACB 
O Whjt« Race 
X Yellow Race 
• Megro Race 

well as for business people, the horse Is considered by far the 
most difficult object In contrast to this group the ratio of the 
jjumbtfr who considered fhe automobile to those who stated the horse 
to be the moit difficult is 4 to 1 among farmers and 2 to J among 
housewives Although farmers do not think that the horse is a 
difficult object, yet their drawings of a horse are in no way better 
than their other objects It follows that familiarity with an object 
induces one to consider it easy to render, but the outcome of the 
drawing is none the better for that belief. 

The answers to questions 13 and 14. "Are you deft with your 
hands in making things'^” and *‘Arc you awkward ?” throw some 
light on the matter of manual ability and its relation to the correct¬ 
ness of the object and presentation m drawing This shows definitely 
that over half of the total number of people think themselves deft, 
over one-fourth consider their ability medium and only one-fifth 
think they are a\vkw.ird. 

Questions 17 and 18 were put so as to clarify the difference m 
the mental procedure when recalling and reproducing an object The 
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TABLE 5 


Affirmativb 

Answers to Qubstioms 

13, 14 <IN 

PPRCENTAGE) 


Men 

Women 

Both 

Question 13 

4354 

6154 

S2J4 

Question 14 

20 

21 

2054 


reconstructive mental attitude as described in <iuestion 181 Did you 
try to retnember how this object was made, of what parts it con¬ 
sisted, how long and wide those parts were, what was its moving 
mechanism and did you then reconstruct it accordingly?” is the pro¬ 
cess of Teca]ymg the object through conccptional and therefore more 
verbal than pictorial thinking This attitude occurs in 51 per cent 
of the cases. Question 17* “If you had a distinct picture in your 
mind of the object you were to draw, did you try to follow the 
shape of this picture instinctively with your hand just as you would 
when copying a picture or a real object?** is answered m the affirma¬ 
tive by those who have a pictorial memory and who attempt to copy 
from this mental picture. This method ws^ followed by 40 per cent 
of the subjects tested, while nine per cent used a combination of both 
methods These percentage rates remain the same if calculated for 
each sex separately. 

We see, therefore, that only 40 per cent claim to have retraced 
the object from visual memory alone, 9 per cent use a combination 
of visual and constructive memory, whereas 51 per cent rely entirely 
on logically interlinked yet non-visual knowledge. 

Two other questions arc of great interest, questions 6 and 7* 
*'Dld you draw, when a child, at home (for the fun of it) ?” and 
“Did you draw in school?” Only half of the adults drew as chil¬ 
dren “for the fun of u”, 735^ per cent had had some kind of in¬ 
struction at school In classifying the type of instruction given at 
the time Table 6 was obtained. Those who had drawn from litc 


TABLE 6 



Men 

(In percentage) 
Women 

Both 

Copywork 

Inanijnste objects (geometric fo/ma) 
Flowers 

Lwing things 

From memory 

63 J4 
7t 

SI 

33 

2654 

78 

61 

64 

31 

2154 

7054 

66 

5754 

32 

24 
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mentioned that it had not been often, and drawings from memory 
were made “once in a long while.” 

INTKRPRET ATION 

The Lack of Manual Ability. The lack of manual ability seems 
to be a small factor if one considers the answers in the question¬ 
naire which portray the subjective impression of every individual 
Objectively considered, the hand of the adult is trained in all kinds 
of skilled woik which involves a good coordination, mobility, and 
agility. Wilting, a most complicated combination of lines, has been 
mastered so as to become automatic In contrast to the child who, 
in his schematic stage of graphic presentation, is unable to take 
advantage of the opportunity of seeing a model, the adult improves 
his drawings immediately and considerably when given a model of 
the object he is supposed to draw. The hand is able to follow the 
shape he perceives as long as this shape stays before his eyes. 

Lack of Memory. The objects which were drawn weie all 
familiar to the persons who were tested Most of them were ceitain 
that they could conjure a very clear mental picture of the object 
Some of them desciibed how they could visualize one part of it, but 
did not remember other parts when it came to the actual drawing. 

The diawings, the questionnaire, and the individual answers to 
questions asked, as well as the observations made during the act of 
drawing, show that the inability to present familiar objects cor¬ 
rectly—not artistically 1—may be traced to the following factors. 

a Blurred mental pictures. The person with a bluried men¬ 
tal image usually is unaware that his mental picture lacks precision. 
He believes to have a distinctly shaped outline of the object because 
he knows with certainty that he will recognize it at any time it is 
shown to him and he therefore concludes that he can produce it him¬ 
self at will. 

b. Clear but fragmentary pictuies The person m question is 
aware of a clear but fragmentaiy picture but is unable to connect 
the parts together in a sensible manner He, therefore, tiies to 
bridge the gap in his memory by a guess which spoils the partly cor¬ 
rect piesentation and at the same time confuses Ins formerly clear 
memory of the paits known to him. 

c. Lack of real knowledge of the object. The mental picture 
is not such as to enable the peison to reconstruct the object he is 
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trying to remeinber by assembling the different parts, putting them 
together at the correct joints, and applying the moving mechanism 
which is peculiar and necessary to thw object. 

In analyzing the process of graphic pr^entation it may be de¬ 
scribed as dependent on the ability to know an object in its proper 
dimensions and proportions, to distinguish clearly between charac¬ 
teristic parts of the object and parts of negligible importance, to 
point out the mam and outstanding feature of this object, and to 
bring about a certain coordination of the analyzing procedure of the 
mind and the synthetic operation of the hand. This process, there¬ 
fore, IS based on the outline and also on the color aspect of the 
object and on a memorv capable of retaining just such an aspect 

The mnematic picture, however, does not seem to be an outline 
or color picture only, with emphasis on the various features and 
their correlation—it is “sensed-mixed" Instead of being purely 
visual, the mnematic picture seems to be connected with the other 
senses, and is a mixture of visual, tactile, auditory, and olfactory 
sensations. Those sensory memories interlink and form a whole. 
When such a mnematic whole is brought to consciousness a sorting 
of the different sensations is almost impossible, the interlinkage of 
the parts which form the whole object is not recalled, and this 
'^^sensed-mixed" memory blurs the outline -of the picture, causing 
gaps and holes 

Another difficulty for the graphic presentdtion bj' memory aiises 
through the habit of thinking in form of abstract conceptions The 
memory of an image itself is usually peimcated with abstract de¬ 
scriptive words and therefore we are not aware that the actual image 
has not been retained,^ 

The incorrectness of the drawing seems to be due to the inability 
to disentangle the interlinked sense impressions and to pick out and 
connect that which may be translated into lines (and colois) on 
paper. The schematic effect of the drawing points to a return to 
childhood memories which seem to stand out dearer than later 
ones, although several impressions supercede each other and settle 
down to a definite mental picture. These memories seem to be 
associated with the child-like manner of presenting them. They 

*We would like to emphasize the fact that this process is not fimked to 
visual apperception only but apphes equally well to the auditory memory 
as required in music It seems to be m general one of the most senous 
obslaclea to be overcome in the common learning habits 



BETTY LARK-HOROVITZ 


87 


are, to some extent, “fixed.” There is no doubt, however, that the 
child masters graphic presentation and verbal presentation equally 
well at the age when his pictures are schematic. The child, in gen¬ 
eral, undoubtedly has strong eidetic characteristics which are bound 
to influence his memory and the character of his recall. At the 
time when he uses the schema his eidetic faculties are still an ele¬ 
ment to be counted on They influence his mnematic pictures 
when drawing The manner of training which is mainly verbal and 
conceptual influences any superimposed mnematic picture of the child 
and is apt to render it less visual 

With advancing education veibal and conceptional thinking diminish 
the wish as well as the ability to present objects graphically. Graphic 
presentation stops or becomes an aesthetic element confined to the 
drawing or painting of some flowers or other objects, done after a 
certain—mostly copied—code. When an adult is asked to draw an 
object, the mnematic picture conjured ^es back to a mental picture 
stored away in childhood. Having stopped in his stage of graphic 
development when at the schematic stage, the schema seems the only 
feasible way for expression This effect is strengthened because the 
memory reaches back to this primary stage of childhood and also 
because this way of drawing then became habitual, very much as 
handwriting develops until it becomes more or less automatic and 
can hardly be altered. 

Conclusion 

The fact that the adult, although mature in most of his ways 
of expression, has not matured in graphic expression is due to 
onesided development of conceptions by verbal tiaining If graphic 
expression is to be part of the geneial education—as art training 
suggests—the training for and through graphic expression has to 
take these facts into basic consideiation for any system or plan of 
teaching to be successful 

Along with the art teaching, the nature of which is fundamen¬ 
tally aesthetic, a teaching m graphic expiession as such is desirable. 
Such a teaching in graphic expression may lead to a foim which 
satisfies aesthetic demands, and therefore approaches art; yet the 
aesthetic factor is of minoi importance. The mam goal of this 
branch of teaching should be the stiengthenmg and development of 
the visual memory, and the emphasizing of the concrete aspect of 
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thin^ together with the usual abstract way of presentation Several 
subject matters are of an essentially concrete nature as for example 
botany, zoology, or geography. The usual means of conveying these 
matters is by verbal description, together with a more or less rich 
picture material, which means that the part of memory necessary 
for recognition only is being developed. 

In analyzing the results we sec that the giapluc presentation tends 
to be more correct for those persons who are also able to recon¬ 
struct their material logically. Very often we find a tendency in 
the teaching of drawing to over-emphasize the intuitive side of tlic 
process. While this may lead to a better artistic expression, it does 
not. develop the visual abilities as well as the analytical process does. 
The training in drawing is important as far a-s general education is 
concerned because of the possibility of the artistic development, but 
still more sc because it leads to the retention in memory of the cor¬ 
rect orientation of shapes and forms in space. The step fiom a 
first impression to recognizing this impression is a short one com¬ 
pared to the many steps necessary to arrive from recognition to 
pictorial presentation of this impression. 

The kind of memory necessary for recognition only is deceiving 
as far as recalling the actual knowledge of the object is concerned. 
Very few characteristics of an object suffice for recognition Some¬ 
times a single one will be enough Yet the person who recognizes 
the object imagines that he has accurate and detailed memory of the 
object. Smell, hearing, and ebpecially touch are parts of the recog¬ 
nition. The attempt to discriminate and sort out the visual part 
of the memory would necessarily lead to a general heightening and 
sharpening of the analytical and synthetical faculties 

Assuming that the goal of education is not an accumulation cf 
specialized knowledge, but that special knowledge is only a means 
to develop the abilities of comprehension and thinking, a teaching in 
graphic expression will help toward this end and lead to a more 
mature and full use of the senses 

Summary 

The average adult, mature in his verbal and written expiession, 
fails entirely when drawing. This may be well known but has 
not received the attention it deserves. Ten objects have been used 
to show this fact, drawn by 170 adults. Comparison with the draw- 
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ings of the same objects made by school children showed a strong 
likeness of the adult’s to those of the child’s presentation Most of 
the adults' drawings belong to the schematic stage of children’s 
drawings. The differences of race, profession, and general back¬ 
ground reveal only minor differences 

The questionnaire connected with the experiment shows that a 
larger percentage of persons tries to reconstruct logically the object 
from memory 

Lack of manual ability does not seem to be the important factor 
of the failure The mnematic picture is unfit for graphic expres¬ 
sion, being by no means a purely visual one; instead the memory 
picture IS "sensed-mixed,” a mixture of visual, tactile, auditory, and 
olfactory sensations These sensory memories interlink and form a 
whole 

The inability to disentangle the interlinked sense impressions leads 
to incorrectness, wheieas the fact that most first impressions are set¬ 
tled in childhood and seem to be associated with the childlike 
(schematic) presentation of that stage of development accounts for 
the character of the presentation. 

Teaching by means of graphic presentation (not only verbally) 
IS judged to help the strengthening of visual memory as well as to 
develop discrimination, analytical and synthetical, for concrete sub¬ 
jects 

It IS a pleasure to thank Dr Harriet O’Shea of the Education De¬ 
partment for her continued interest in this work, for many valuable 
discussions, and for her help in procuring the material necessary 
for this research. 

Purdue University 
Lafayette, Indiana 




MENTAL DEVELOPMENT OF CHILDREN IN FOSTER 

HOMES« 


From the loiva Child fFelfare Research Station at the State 
University of Io<wa 


’ Harold M Skeels 


A study of the mental development of Iowa children placed in 
foster homes in that state is being earned on cooperatively by the 
Iowa Child Welfare Research Station and the Buieau of Child 
Welfare. The subjects of the study arc children from the lower 
social, economic, and educational levels who have been placed in 
average and superior foster homes sometime during the period from 
two months to five years of age As set up, the study will comprise 
mental measurements on these children over a long period of time, 
including annual tests during the preschool ages and three or four 
tests during the elementary school years. 

The study as now presented is the fiwt unit of this intended long¬ 
time investigation and includes only children who were placed in 
foster homes under six months of age. From this it may be seen 
that these children have therefore experienced essentially only the 
environment of the foster homes. 

It may be stated that this study was not set up with any precon¬ 
ceived ideas as to the effect of the environment on growth of intel¬ 
ligence, It grew, instead, out of the regular clinical program The 
Bureau of Child Welfare requires that a child remain in a foster 

*Recomrnended by George D Stoddard, accepted for publication by Call 
Murchison of the Editorial Board, and received in the Editorial OfHce, 
December 9, 1935 

^The writer wishes to express deep appreciation to Dr. Mae Habenicht, 
Superintendent of the Bureau of Child Welfare, for approving and en¬ 
couraging such a study of foster children, and for her helpful suggestions; 
to the Iowa Board of Control of State Institutions which has at all times 
cooperated in making possible research studies of state waids, to Mr 
H A. Mitchell, Superintendent of the Iowa Soldiers’ Orphans’ Home from 
which the children reported in this study were placed; to Miss Mane 
Skodak, asaiatant paychologist of the Board of Conti ol, who made a number 
of the examinations and who rendered material assistance in setting up this 
study; and to Dr. George D Stoddard, Director of the Iowa Child Welfare 
Research Station, who has made passible this study 
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home at least 12 months before adoption is permitted. On February 
1, 1934, a policy was established whereby no child can be adopted 
until a psychological examination has bwn made. 

Examiners visiting foster homes for the purpose of making these 
psychological examinations would expect to find frequent cases of 
retarded children, judging from the histories of the true parents. 
When these examinations repeatedly failed to show such retardation, 
it seemed important that a more extended study on a research basis 
be made Data have therefore been compiled on all children (under 
six months of age at the time of original placement) for whom appli¬ 
cation for adoption was made during the year February 1, 1934 to 
February 1, 1935, a total of 73. 

Description of the Iowa Foster Home Placement Program 

Children available for foster homes are placed through three gen¬ 
eral avenues including relatives, private placing agencies, and the 
Bureau of Child Welfare of the Board of Control of State Insti¬ 
tutions Those of superior and average inheritance more frequently 
are kept by relatives or are committed to private agencies while a 
fewer children with average or somewhat above average inheritance 
are committed to the state orphanages, the greater percentage of 
cases handled through the Bureau of Child Welfare come from the 
lower social, economic, and educational levels of society. It is with 
this latter group that this study deals. Although the present pro¬ 
gram includes careful selection of children for placement, not only 
withholding those with questionable histones and low performance, 
but also attempting to match the ability levels with opportunities 
offered bj^ the homes, such was not the case when placements of the 
children included in this study were made At that time infants 
were customarily placed who were medically approved and who 
did not show gross physical defects Little, if any, consideration 
was given to other factors of fitness for placement 

Examination of the data in Table 1 shows that selective placement 
as an influencing factor may be ruled out Comparisons of place¬ 
ments in relation to occupational status of foster fathers with refer¬ 
ence to such factors as true mother’s IQ, true mothei’s education, 
true father’s occupation, and true father’s education show no rela¬ 
tionships If a positive relationship existed, the scattergrams would 
show a diagonal line of central tendency That is, the children 
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TABLE 1 


Distribution of Child Placements in Relation to Occupational Status 
OF Foster Father and Factors Pertaining to True Parents 


Factors 
relating 
to true 
parents 

1 

11 

Paternal occupational levels 
foster home placements 
111 IV V VI 

of 

vn 

Total 




Mother's IQ 





90 to 109 IQ 

2 

1 

7 

2 

1 

1 


14 

80 to 89 IQ 

1 


2 

5 

2 



10 

70 to 79 IQ 



4 

1 

2 

1 

1 

9 

Below 70 IQ 

2 


2 


1 

I 


6 

Total 

5 

I 

15 

8 

6 

3 

1 

39 



Mother’s education* 




6th grade 


1 

1 


2 

1 


5 

7th grade 

2 

1 

4 

2 


1 


10 

8th grade 


1 

S 

8 

3 



17 

9th grade 

2 


2 

1 

1 



6 

10th grade 

1 

I 

2 


1 


1 

6 

11th grade 

1 


4 

1 

3 



9 

12th grade 

1 


5 

3 

3 

1 


13 

13th grade 



2 





2 

Uth grade 








0 

ISth grade 



1 





1 

Total 

7 

4 

26 

15 

13 

3 

1 

69 



Father’s occupational 

group 




Group I 








0 

Group II 



1 





1 

Group III 

1 


3 





4 

Group IV 


i 




1 


2 

Group V 

1 


6 

1 

3 

1 


12 

Group VI 

1 

1 

1 

5 

2 



10 

Group VII 

2 

1 

10 

6 

3 

2 


24 

Total 

5 

3 

21 

12 

8 

4 


53 



Father's education* 




6th grade 



2 


1 



3 

7th grade 




2 




2 

8th grade 

1 


1 

4 

3 



9 

9th grade 

1 


1 

1 




3 

10th grade 

1 



1 

2 



4 

11th grade 

1 







1 

12th grade 

1 

1 

8 

3 

1 

I 


IS 

13th grade 

1 


3 





4 

14th grade 



1 





1 

Total 

6 

1 

16 

11 

7 

1 


42 


*Grnde completed 


from fathers of the higher occupational levels, for example, would 
tend to be placed more frequently in foster homes of the higher 
occupational levels and vice versa. The data show that such is not 
the case (Table 1) As many children from mothers with IQ’s 
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below 70 have been placed in die higher occupational levels of 
foster homes as have been placed in the homes of lower levels. Sinrii- 
larly, other comparisons of education of true motliers and true 
fathers show a lack of selection in placement 

Educational, Economic, and Vocational Status of True 

Parents 

Educational attainment of true mothers in terms of grade comple¬ 
tion shows a mean of 9 4 school grades finished, 21.8 per cent had 
less than an eighth grade education and only 4.4 per cent had any 
college work at all (Table 2) None of the mothers were college 
graduates (Table 3). 

Intelligence tests (Stanford-Binet) were available on 39 of the 
73 mothers, The mean IQ for thii group of 39 was 83.8 with a 
standard deviation of 12,3. The median falls at 86 5 While only 
10 per cent of these 39 mothers had IQ’s above lOO, 38 per cent 
bad IQ’s below 80, Since the educational and socio-economic status 
of these 39 mothers did not differ from the other mothers included 
in the group of 73, it is felt that this level of intelligence may be 
taken as representative of the group as g whole. 

The true fathers' education is not materially higher than that of 
the true mothers—the mean grade aunpleted by the fathers being 
10.2 as against 9 4 for the mothers (Table 2). None of the fathers 
were college graduates, only 11.9 per cent had any college work and 
10.2 per cent had less than an eighth-grade education (Table 3) 

Occupational status of the true fatheis has been measured using the 
classification of occupations of employed males in the United States 
from the report of the Fourteenth Census of the United States, Vol¬ 
ume 4, 1920 [cited by Goodenough (3, Appendix, pp. 501-502)]. 
This report classifies occupations in seven groups grading down¬ 
ward from one to seven; 

Group Occupation 

I Professional 

II Semi-profeasional and njanagenal 

III Clerical, skilled trades, and retail business 

IV Farmers 

V Scmi-akilled occupations, minor clerical positions, and 
minor business 

Vr Slightly skilled trades and other occupations requiring 
little training or ability 

VII Day laborers of all classes 
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On such a classification of occupations true fathers show a mean 
occupational status of 5 8 (Table 2). Forty-six per cent of true 
fathers classed in the lowest level, day laborers. As shown in the 
following tabulation, only 13 per cent classed above Group V, that of 
semi-skilled occupations (Figure 1). 


Group 

True fathers 

Number Per cent 

Foster 

Number 

fathers 

Per cent 

I 



8 

31 0 

II 

1 

2.0 

4 

5,5 

III 

4 

77 

27 

37.0 

IV 

2 

37 

15 

20 5 

V 

12 

23 1 

14 

19 2 

VI 

9 

17 3 

4 

S 5 

vir 

24 

462 

I 

13 


It will be seen from these data that the 73 children reported in 
this study came from rather low educational, occupational, and socio¬ 
economic levels of society. In spite of the fact that 65 of these 73 
children were illegitimate, it is evident from these comparisons that 
the true fathers were only about one grade higher than the mothers, 
with occupational levels largely day laborers and slightly skilled 
laborers. A qualitative analysis of social histories seems to justify 
the conclusion that within these educational and occupational classifi¬ 
cations of true parents, the individuals represent the lower levels 
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in such groups Many of these fathers and mothers dropped out 
of school because of having reached their limit of achievement and 
in no sense of the word represent the averages of their grade place¬ 
ments. Similarly, not only were 86 per Mnt of the fathers of the 
lowest three occupational levels, but a large percentage were not 
self-supporting and were known to relief agencies over a long period 
of time. While data are not adequate for a quantitative analysis 
of grandparents, inspection of those histones which give such in¬ 
formation show them to be from similarly low socio-economic levels. 
Children were committed to the state because neither the mother nor 
her relatives were economically able to assume responsibility for the 
child. 

Mental Development of the Foster Children 

Mental development can be reported at this time only in terms 
of the first mental test of the consecutive growth series At the 
present time the second series of tests is just being started after an 
interval of a year to a year and one-half from the first examinations. 
While these first examinations were imperative at young ages from 
the clinical requirement m completing adoption, it was felt equally 
important, from the research standpoint (in a study of environmen¬ 
tal influences as related to growth of intelligence), to have records of 
mental development during the preschool years before the leveling 
effects of attendance in the public schools. 

As standard measures of intelligence the Kuhlmann and Stanford 
Revisions of the Binet Scale have been used Children under three 
and one-half years of age at the time of examination were given the 
Kuhlmann Revision and those over that age the Stanford Revision. 
The mean chronological age at the time of placement was 2.5 months 
with no child over six months of age. At the time of examination 


the mean chronological age was 
14,2, mean length of residence in 

244 with a standard 
the foster homes was 

deviation of 
21.9 months. 

Humber 

Mean 

Standard 

deviation 

Median 

Chronological age in months 
at time of placement 

73 

25 

1,6 

2,0 

Chronological age in months 
at time of examination 

73 

244 

142 

IS 8 

Mental age in months at 
time of cxamin.ation 

73 

27 7 

ISO 

21.6 
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Results indicate the mean IQ of the group to be 115.3. Of the 
73 cliildren, 98.6 per cent class as normal or above. Only 
one child was below average and that at the dull normal levtl. Sixty- 
five per cent classed as of superior intelligence, that is with IQ's of 
no or above. Thirty-four per cent had IQ’s of 120 or above 
(Figure 2). 



MOftiiES UMDEB 21X M0WT115 

FIGURE 2 


Dickson (1) studied a group of l50 first-grade children in their 
own homes. They were grouped according to different paternal 
occupational levels using the Taussig Scale, Dick&on found a mean 
IQ of 112.5 for classes I and II (ptofessional and busine^) com¬ 
bined, and a mean IQ of 82.5 for classes V and VI (farmers and 
unskilled laborer^) combined. The children reported in this study 
whose fathers would compare favorably with Dickson’s groups V 
and VI do not give that expectancy m level of intelligence, but 
rather compare favorably with the findings on children from paternal 
occupational Groups I and II. 

Goodenough (4, p 45), using the Kulilmann Binet in a study of 
two-, three-, and four-year-old children in their own homes, reports 
for the different paternal occupational levels mean IQ’s from Group 
1 as 1161, Group II as 1117, and Group VI as 960 While the 
level of intelligence for children from the lower occupational levels 
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IS somewhat higher than that reported by Dickson (1) when he 
used the Stanford scale on children somewhat older, yet the levels 
for the higher occupational groups are comparable Here again the 
foster home children in the piesent study are as high as those re¬ 
ported by Goodenough for children from occupational Gioups I 
and II. 

In connection with a study of the mental development of children 
in relation to preschool attendance, Wellman (5) found that a 
group of 591 children whose fathers had a mean occupational level 
of 1 6 showed a mean IQ of 112 at the time of initial enrollment. 
Mean IQ for children reported in the present study is comparable 
to those reported by these other investigators for occupational levels 
I and II. 

In the following tabulation data have been analyzed fuither in 
relation to type of test, age at time of test, sex differences, and 
variations in results obtained by diffeient examiners Sixty-one chil¬ 
dren (under three and one-half years of age at the time of examina¬ 
tion) given the Kuhlmann-Binet had a mean IQ of 116 0, and 12 
childien (over three and one-half years) given the Stanford had a 
mean IQ of 1116, showing those given the Stanford to have a mean 
IQ 4 4 points lower. 


Factors studied 

Number 

Intelligence quotients 

Standard 
Mean deviation 

Median 

Entire group 

n 

US 3 

12 2 

1150 

Kuhlmann-Bmet 

examinations 

6i 

116 0 

12 0 

1160 

Stanford-Binet 

examinations 

12 

1116 

12 9 

114.0 

Children below 24 
months at examination 

49 

117 8 

13 9 

1180 

Children above 24 
months at examination 

24 

111.3 

12 S 

Ill 0 

Children above 36 
months at examination 

13 

107 8 

12 9 

105 0 

Boys 

32 

115 4 

13 2 

116.0 

Girls 

41 

115.3 

114 

1150 

Children examined by 
examiner No 1 

34 

1160 

12 6 

1160 

Children examined by 
examiner No 2 

37 

115.1 

11 6 

113 0 
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When divided by age levels, 49 chUdren under 24 months at the 
time of examination showed a mean IQ of 117 8; 24 childien above 
24 months, 1113; and 13 children above 35 months, 107.8. At 
this stage of the study, with so few cases at the higher age levels, it 
would seem inadvisable to draw conclusions as to this difference 
between ages Many factors may be operating to cause this, such as 
faulty standardization of the tests, chance differences in samplings at 
the different ages, differences in parent-child relationships between 
those that apply for adoption at the end of 12 months and those that 
wait for four years, differences in efficiency of mental stimulation 
offered by the home at different child age levels, etc 

No sex differences were shown, the 32 boys having a mean IQ of 
115 4 and the 41 girls a mean IQ of 1J54, 

The question of a possible difference m test results between ex¬ 
aminers was considered with the thought that perhaps theie were 
differences in leniency in scoring. All examinations were made by 
two trained examiners, Miss Skodalc, assistant psychologist of the 
Iowa State Board of Control, and by the writer of this report The 
examiners received their training at different schools and made all of 
the examinations separately. Differences were not found between the 
results of the two examiners. Thirty-four children tested by the first 
examiner showed a mean IQ of 1160, while 37 tested by the second 
examiner had a mean iQ of 115 1. 

Educational, Socio-Economic, and Vocational Status of 
Foster Parents 

The educational level of foster patents was, of couisc, mateiially 
higher than that of true parents, although diffeiences are not gieat 
in terms of central tendencies (Table 2) Foster mothers had a 
grade completion mean of 117, which was 2 3 giades higher tlian 
that of the true mothers. Foster fathers with a mean grade com¬ 
pleted of 11 5 were 1.3 grades higher than true fathers. Extremes 
in educational differences were more marked (Table 3). Whereas 
only 11.9 per cent of true fathers took some college work, with none 
graduating, 32 4 per cent of the foster fathers had had some college 
work, 12.7 per cent were college graduates, and seven per cent had 
taken graduate work. At the other end of the scale, widic 11.9 per 
cent of the true fathers and 21.8 per cent of the true mothers had 
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had less than eighth grade schooling, no foster father or mother had 
dropped out of school before completing the eighth grade. 

More marked differences were shown between true and foster 
paternal occupations (Table 2 and Figure 1) Using the same 
occupational classifications, the mean for foster fathers was 3.5 as 
against 5.8 for true fathers, showing a difference of 2.3 in mean level 
in favor of the foster group In contrast with the 63 per cent of 
the true fathers who classed below Group V, less than seven per cent 
of the foster fathers so rated. While only 13 4 per cent of the tiue 
fathers placed in the first four occupational groups, 74 per cent of the 
foster fathers were so classified (Tabulation p. 96) and Figure 1), 

Qualitative differences between true and foster parents within 
educational and occupational group levels make for an even gicater 
spread than is shown by group classification levels While it was 
stated that true parents represented a weighting on the lower levels 
Within divisions, it is probably equally apparent that foster parents 
fall m the upper range within units of comparison. For example, the 
brick layer whose home is being considered for the placement of a 
child must not only liave an acceptable occupation but must be suc¬ 
cessful in this position Success is thought of in terms of his manage¬ 
ment of finances being such that he is not heavily in debt, he has satis¬ 
factorily maintained a home over a period of years, and he is able 
financially to take on the additional obligation of one more member 
in the family. In addition, his social adjustment in the community 
must be satisfactory. Favorable references must be furnished by the 
banker, minister, doctor, and at least one other, favorably recom¬ 
mending the placement of a child m the home Meeting all these 
requirements would of necessity result in a definite selection up¬ 
ward within these more geneial group classifications. 

Mental Development of Children in Relation to Factors 
Pertainng to True and Foster Parents 

Comparative correlations between children’s IQ’s and factors re¬ 
lating to true and foster parents, including IQ of true mothers and 
education of true and foster parents, show little relationship as meas¬ 
ured by correlation techniques. A aero correlation ( 09±.ll) was 
obtained between true mothers’ IQ's and children's IQ’s The high¬ 
est correlation was with mid'parent education of true parents and 
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True parents Foster parents 


Number 

r 

Probable 

error 

Number 

r 

Piobable 

error 

Education of father 

42 

+ 23 

±.I0 

72 



Education of mother 

69 

H-,I3 


ri 

— to 


Mid-patent education 

42 

+ 29 

± 10 


— 04 


Mother’s IQ 

39 


± 11 





cfiild's fQ which was only .29dr,10. The lowest correlation wfis 
with education of foster mothers, which was —.lOzt.08 
Jn rnnkmg iurther comparisons of children’s IQ's as relating to 
true parents, a rnean IQ of 115 5 was obtained for all children whose 
true mothers’ IQ’s fell at the borderline or feebleminded level (be¬ 
low 80). The mean TQ of t/ns group of childicn frum the mothers 
of lower IQ’s was only one point lower than that of the entire group 
of children. These findings are higher than those of Frecitian (2) 
in his study of foster children from defective parents. He found a 
mean IQ of 95 1 on 86 children who had one defective parent and 
who had been removed from their own homes before the age of five. 


Factors rclntmg to 


IQ’s of 

children 



Standard 


true parents 

Number 

Mean 

deviation 

Median 

IQ’s of mothers 




-, 

(Weon 2Q=^83.S} 

Mothers with IQ’s below 

S9 

116.? 

13.0 

nso 

80 (Mean IQ = r0 7) 
Fathers of occupational 

IS 

1155 

12,3 

1100 

levels IV. V, VI, and VII 
Fathci'? of occupational 

48 

114 9 

125 

U5 0 

levels VI and VII inclusive 
Ffltfierg of occupational 

33 

1154 

12 9 

U6 0 

levels VI and VII, and 
mothers with grade 
school education or lower 

17 

1112 

119 

lll.O 


In the present study children whose true fathers classed in tlie two 
lowest occupational groups showed a mean IQ within one point of 
the total group. Taking the children with low inheritance on both 
sides, that is with fathers of occupational groups VI and VII and 
with mothers of eighth-grade education or less, the mean IQ was 
111.2, or only 4.1 points lower than for the entire group. 

Comparisons of children’s intelligence with the occupational levels 
of foster fathers shows an absence of relationship for children under 
two years of age. As age increases there appears to Ic a tendency 
for positive relationship (Table 4). Combining children from 





TABLE 4 

Means, Standard Deviations, and Medians of ChiU)Ren’s IQ’s in Relation to Occupational Levels of Foster. 

Fathers 
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the higher occupational Iwels including groups I> H, and III, and 
comparing them with those of the lower occupational levels, groups 
IV, V, VI, and VII, for children under 24 months (chronological 
ages between groups being comparable) gave mean IQ’s of 117J 
and 118,3 respectively. For children over 24 months a difference of 
10 points' mean IQ vi^as obtained in favor of the higher occupational 
levels. When only those children who were over 36 months at the 
time of examination were compared, the mean IQ for higher occupa¬ 
tional levels was 112.1 as against 98.3 for the lower, showing a 
difference of 13 8 in favor of the higher occupational levels. The 
numbers at these higher ages are so few as to make it impossible to 
draw any conclusions as to an increased relationship between foster-' 
paternal occupational levels and differences in intelligence with in¬ 
crease in the age of the child However, this tendency may be 
worthy of further consideration. 

Although correlation techniques show little relationship with edu¬ 
cation or occupational status of either true or foster parents, the fact 
yet remains that the level of intelligence of these children is higher 
than would be expected for children whose fathers were of com¬ 
parable occupational levels. In fact, these children compare favor¬ 
ably with those from the highest occupational levels, Groups I 
and II. 

The question may be asked as to why these children class higher 
than might be expected from the educational and occupational status 
of the foster parents, which in itself is inntcrially higher than that 
of the true parents. Data obtained to date do not permit drawing 
conclusions on this point, although some infeicnces may be cited as 
possible factors. It has been previously indicated that the foster 
parents represent a selection upward within geneial classifications, 
such as educational achievement and paternal occupational status. 

It is quite possible that there are other factors, which we are unable 
to measure quantitatively, that affect the mental development of the 
child to a much greater degree than differences of educational and 
occupational levels. Parent-child relationship within gross group 
classifications may be of significant importance. 

Then too, it must be remembered that these foster parents are 
vitally interested in having a child in. the home or they would not 
go to all the effort necessary to bring this about. With this great 
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interest, such parents may take greater cognizance of the need for 
play equipment, books, and nature study trips than do true parents 
who suddenly find themselves confronted with the problem of rear¬ 
ing a child for whom little preparation had been made. Such 
parents may also be more willing to answer questions put by the 
two-year-old and thus encourage that habit and method of quest for 
knowledge, whereas the ordinary parent may more frequently dis¬ 
courage the child in similar situations. 

It is quite possible that a home of rather low educational and occu¬ 
pational level may be highly stimulating to the mental development 
of a two-year-old but materially less stimulating to a four-year-old 
child It is hoped, as the study progresses and repeated measurements 
on the same children are obtained, that further information may be 
secured concerning some of these factors 

Summary 

As the first unit of a study of the mental development of children in 
foster homes, results have been reported on 73 children placed under 
SIX months of age, Mental tests were obtained on all children 12 
to 60 months after placement, Histones of both true and foster 
parents, including educational attainment, occupational status, and 
economic security have been evaluated. 

Findings to date seem to indicate the following* 

1. The mean level of intelligence of these childien is higher than 
would be expected for children coming from the educational, socio¬ 
economic, and occupational level represented by the true parents 

2 The mental level of these children compaies favorably with 
that reported by Goodenough, Wellman, and Dickson for children 
of similar age from superior occupational levels. Groups I and II. 

3. A zeio con elation was obtained between true mother’s IQ 
and child’s IQ 

4. While there is little relationship between children’s IQ’s and 
foster fathers' occupational status, the few cases at the older pre¬ 
school ages indicate the possibility of a positive relationship as age of 
the child increases 
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CONDITIONED RESPONSES IN THE WHITE RAT: II. 
CONDITIONED RESPONSES BASED UPON SHOCK 
TO THE FORELEG^ 

From the Psythologtcal 'Laboratory of Bjotiyu University 


H. SCHLOSBERG 


Introduction 

In the first paper of this series (19), the reactions of white 
rats in a simple shock conditioning situation Were described, to- 
gethei with the effects of certain variations of this situation on tlie 
rate and extent of conditioning During the study previously re¬ 
ported, the shock was delivered near the end of the tail Under 
optimal conditions, it was relatively easy to establish conditioned 
breathing reactions, but the tail was somewhat more refractory to 
conditioning. The difficulty encountered m establishing the condi¬ 
tioned tail withdrawal and the general instability of the response, 
once established, were surprising, in light of current conceptions 
of the conditioned response. It was thought that these results might 
be peculiar to the tail, foi this membei is scaicely a manipulative 
organ in the rat. Therefore it was decided to cairy out a com¬ 
parable study, using the foreleg as the site of the shock and record¬ 
ing Its movements, rather than those of the tail The present paper 
reports such a study.^ 

Apparatus 

The only fundamental modifications in the apparatus, as described 
in the first paper of this series, were the constiuction of a new holder 
.md a change in the electrodes In the original apparatus, the animal 
was held in a crouching position in a ciadle-like structure ("oiiginal 

*Accepted for publication by Leonard Carmichael of the Editorial Bofud 
and received in the Editorial Office, December 11, 1935 

^Sorne leference has been made to this study in a footnote to the first 
paper of the aeries and during two repoits (IS, 20). The study was imtiatcd 
by Mr W Pfouta, at the wiitei's suggestion Unfortunately Mi Pfouts 
found It neccssaiy to discontinue hn work during the preliminary experi¬ 
mentation, Since he used a different stiain of animals, his results ■will be 
reserved for a latei paper. 
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holder” m Figure 1). The legs were therefore inaccessible The 
holder used in the present experiments is labelled ‘^present holder*’ 
in Figure 1. It consisted essentially of a block of wood 3j4 x 6/4 x 
inches with a trough-shaped metal support for the animal’s body. 
The rat was held securely m tins support by a sleeve that passed 
around its body and closed with laces along the midline of the 
back. The head was supported by the forward end of the block 
which was raised H ‘nch above the body support and hollowed out 
into a trough A thong passed over the animal’s neck, just behind 
the occiput and held the head securely. Finally, the three unstimu- 
lated legs were loosely fastened by thongs, attached to clips on the 
baseboard so that the animal straddled the block If properly ad¬ 
justed, these fastenings usually held the rat securely. In general, 
It may be said that the holder was less satisfactory than the one 
used during the conditioning of the tail reactions since it led to 
somewhat greater struggling. 

To the right foreleg was attached a small noose made of a wick- 
hke cioth tubing When moistened, this served as the active elec¬ 
trode. Clipped to the noose was a thread which passed down 
through an agate guide on the baseboard, over a short-circuiting 
contact (SC) and then to the recording system. The lever in 
this system increased the reactions on the lecord to three times 
their actual extent. Under the animal was a rubber sac which 
served as a pneumograph. Covering the sac was a piece of thick, 
absorbent cloth that protected it. When moistened with Ringer's 
solution, this cloth served as the “indifferent” electrode, coming in 
close contact with about 25 square centimeters of the animal’s ven¬ 
tral surface 

Mounted on a standard two inches in front of the animal was a 
miniature bulb and reRector (the latter not shown in Figure 1) A 
bright metal hood was placed over the front end of the holder dur¬ 
ing actual experimentation. This hood served to increase the ef¬ 
fectiveness of the light as well as to eliminate extraneous visual cues 

For convenience the new holder was mounted on legs so that 
it could be placed directly above the holder used m the earlier ex¬ 
periments with tail withdrawal This arrangement made possible 
the use of the original recording and stimulating apparatus with a 
minimum of readjustment and served to keep the spatial relationships 
between buzzer, recording apparatus, experimenter, and rat essen¬ 
tially the same as they were in the earlier studies. 
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FIGURE 1 

The Holder and Associated Apparatos 
[For description, see text, and (19)] 
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In some ol the later expeiirtients, it becmeti desirable to luivc a 
lecoicl of the reactions of the tail even though this iiicmbci was 
not stimulated in the present study. A lever was added, pivoted so 
that It would record directly on the kymogiapli It lediiccd the 
reactions on the rccoid to one-third of then actual extent A tlueacl 
passed from tliis lever to a hook, fastened with adhesive tape near 
tlic end of the tail, The lecoids obtained with this auangcment 
wcie badly distoitcd by ineitia, but wc wcie not as much inteiestecl 
in the actual shape of the curves as in whethei oi not tlie tail moved 
A stop limited the excuision of the levei to two ccntimetcis, to keep 
the stylus oa the record. 

General MirrHor 

Tlic method used in the picsent cxpciimcut does not dvftci ma- 
teiially fiom tJiat lepoitcd earlier, but it may be siimmaiized here 
The ti,lining was divided into daily sessions of 30 minutes each, 
duiing wlucli 25 stimulations, paired oi single, were given Buzz 
(E) or light (L), the conditioned stimuli, weic piescnted foi 50 
seconds Foreleg shock (5), the unconditioned stimulus, lasted foi 
17 seconds The 5 of a double stimulation (ES oi LS) ended 
simultaneously with the conditioned stimulus Two lats wcic al¬ 
ways trained concurrently, partly because of the saving in time in¬ 
volved in preparing the appaiatus, but laigcly because it made pos¬ 
sible the cleterniiiiation of the effects of slight modi/icatioiu, in the 
tiainuig conditions Thus two lats were biought fiom theii living 
cages in the basement to the experimental loom on the tliiid flooi 
One animal was left m anothci loom, while the first animal was 
placctl in the holdei Twenty-five stimulations were then pre¬ 
sented at picdeteiinined, but irrcgulai, intervals dunng the next 25 
minutes The rats were then inteichanged, and the second lat was 
subjected to exactly the same stimulation already used on his "ex¬ 
perimental mate.” The only difference between the two sessions 
was the inclusion of the short-cncuiting contacts (SC) m the shock¬ 
ing circuit of one lat, pcimitting him to terminate the sliotk by 
the first millimeter of kg withdrawal The othei amm.al {noSC) 
aUvavs received a shock of 17 seconds’ duiation, regardless of his 
response 

Before tiaining, two or more sessions wcie devoted to pictiain- 
ing, to eliminate the struggling that appealed the fnst time the 
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animal was restrained in the holder. These sessions were carried 
out in the same general manner as any other sessions, except that 
no stimuli were presented From two to four pretraining sessions 
were usually sufficient. After the animal became reconciled to the 
holder, “pretests” were made to determine the origmal effects of 
the to-be-conditioned stimulus B (or L), an “indifferent” stimulus 
L (or 5), and the unconditioned stimulus S. The duration of the 
pretesting varied somewhat from experiment to experiment and will 
be indicated m each case After the pretesting, the regular condi¬ 
tioning sessions were started. Of the 25 stimulations piesented dur¬ 
ing each of the conditionmg sessions, 15 to 23 (varying from ex¬ 
periment to experiment—see Figures 3-5) were paired presentations 
of the conditioned and unconditioned stimuli. The remaining 
stimulations were divided between isolated test presentations of con¬ 
ditioned stimuli and of unconditioned and indifferent stimuli. It 
should be noted that the indifferent stimulus was never reinforced. 

Ten albino rats were used during the experiments to be reported. 
They were males, of Wistar Institute, common stock, in good 
health, and between 6 and 12 months in age They had not been 
used in other experiments but were relatively tame as a result of 
handling during the routine of daily care. Each pair of animals 
that was trained will be described as a separate experiment. Since 
the purpose of the investigation was exploratory, the conditions were 
varied for each experiment This technique wiW uncover only the 
grossest of differences, but it seems preferable at the present stage 
of investigation to cover as much ground as possible, rather than 
to look for minor differences m large numbers of animals. Tlie ex¬ 
periments and their results wnll be presented in the following charts 
and text, in some detail, and the discussion will be largely reserved 
for the later sections of the paper It is hoped that this method 
will show a number of facts that might be lost in statistical treat¬ 
ment of the results, while avoiding the errors of interpretation that 
might occur if we first presented our generalizations and then illus¬ 
trated them with experiments (cf. Pavlov). It should be particu¬ 
larly noted that the rats were not selected on the basis of any be¬ 
havioral differences, and that no rat was discarded after he had 
been assigned to the problem. The results, therefore, may be said 
to indicate what may be expected from animals selected at random 
from a typical strain of white rats. 
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Experiment 1 

(See General Method lor abbreviations) 

Rats AO and A1 were each given 20 conditioning sessions witli 
a total of 500 stimulations consisting of 311 BSj 104 B, 20 S, and 65 
L. The number of reinforcements (BS) during each session may 
be computed from the cumulative totals in Figure 3. Before the 
20 training sessions, there had been several "pretraining” sessions 
and one “pretest” period After the final training session, one pe¬ 
riod was devoted to "experimental extinction ” Rat AO was noSCj 
rat A! was SC. 

1. The Development of Conditioning tn Rat AO Before the 
first stimulation of the "pretest" session, the rat was breathing 
regularly, yielding the sinusoidal curve that is typical of lapid 
breathing m the rat (19) Upon stimulation by B, the lat in¬ 
creased the rate of breathing slightly and shifted the level towaid 
the inspiratory position During two presentations of L, and three 
more of B there was little indication thiat the rat had been stimu¬ 
lated (Figure 2, /f). Stimulation 7 (S, .1 ma in intensity) elicited 
a sharp inspiration and foreleg withdrawal As the rat breathed 
out, it squealed loudly Similar results followed the next four 
presentations of S At first the behavior immediately after S was 
erratic, but by the fifth S the rat was returning to relatively normal 
breaching and leg position within a few seconds after each stimula¬ 
tion (See Figure 2, B,) However, the rat was somewhat excited 
throughout this whole session, and frequently showed shoi t bursts 
of struggling and squealing between stimulations. Sometirnes the 
struggles were clearly the immediate lesults of external sturulation, 
while at other times they were “spontaneous,” Parenthetically, it 
should be noted that iittmuli were never intentionally presented 
during struggling, but occasional chance coincidence of stimulation 
and struggling must be discounted in our results Such chance co¬ 
incidence IS rare, especially after some training, and can readily be 
detected because of the precise temporal relationships between stim¬ 
uli and responses Furthermore, as we will see later, the well- 
developed conditioned response does not closely resemble a struggle 
and can be differentiated from it rather easily. 

After five additional S, 3 B and 1 I, failed to elicit responses 
The session was concluded after two more presentations of S. We 
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FIGURE 2 

Ttic<<e iccouK shoiiM be mad fiom iighl to left Tliey aie nee;ativc 
piintb of the oiiginnt kvmoRiaph tccords The ‘)nmiltanc«nib oidmates 
were acldcci before the lecoids weie removed from the kymogiapli and 
me ncciiinte to I seconds Ordinates in /I and indicate the onset of 
Im?/, while others mark the beginning of the shock Certain of the time 
and signal lines have been “touched up” in the punts, foi their excursion 
was limited hv padding 

*Note that in I', although a shock is indicated, the early leg vvithdrawal 
had shni t-circii I ted the electiodes It is, therefore, equivalent to a test 
piesenlation of h<.\i7 
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may s\immanze tins "pietest” pciiod bv pointing out tliat, before 
training, S regularly elicited an inspiration, squeal, and leg with¬ 
drawal, while B 01 L raiely evoked a lesponsc except when the ani¬ 
mal was already about to struggle 

At the beginning of the fiist training session B and L each elicited 
a sharp inspiration and squeal, but no leg response These cannot 
be called conditioJied lesponses to B oi to L, since noitJici of these 
stimuli liad been paiied with S as yet This mattei will be discussed 
latci. At any late, the icsponsc dropped out during thiee addi¬ 
tional presentations of B and L We were then leady to begin 
actual conditioning 

The fust fom BS stimulations resulted in lesponscs that wcic 
indistinguishable from those made to S alone (as in Figure 2, C), 
but the next BS yielded the first indication of conditioning (Figuie 
2, 73) B was picscntcd near the end of an cxpiiation The next 
mspiiation vvas slightly deeper than the piecedmg ones, and tiic 
ensuing expiiation was checked bv the response to S In the chaits, 
such reactions will be entered as unfilled columns indicating “hicath- 
ing changes other than sharp inspirations” They may be consideied 
a form of conditioning, but not a particularly reliable one 

After these five reinforcements, isolated presentations of B and L 
weie both negative as vrus the sixth BS But about 1 seconds after 
the onset of B of the next BS, the rat gave a shaip inspiiation and 
withdrew the leg two millimetcis (Figure 2, E) hcfoie the shock 
was presented The inspiration was not as shaip as that elicited by 
S, and the leg reaction was only one-twentieth as stiong as the full 
witlidiawal, but thev both had something of the abrupt natnie of 

the unconditioned lesponsc and are thercfoie consideied as typical 

conditioned lesponscs Such reactions will be called “inspnations” 
and “leg pulls” respectively, and will be entcied in all charts as 
solid blocking to set them oft from the hollo\Y blocking used to indi¬ 
cate the less significant "other responses.” Similar early inspira¬ 
tions, but not early leg pulls, wcie recorded on the next two leiii- 
foiccraents, and the tenth BS was negative Aftei this, a “test” 
presentation of B resulted m a very sharp inspiration, leg pull, and 
squeal, almost indistinguishable from the usual leaction to 6* A 

strong conditioned reaction of this type is decidedly not typical 

at tins stage of conditioning. The next B resulted m a more Ircsitat- 
mg response, and a t)»id B elicited a small inspiration, two-iTuIlimetei 
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leg pull, and squeal, with a latency of .75 seconds. Even this re¬ 
action IS exceptional, as we shall see when we examine the other 
animals to be repoited 

One L was then ineffective and no eaily tesponses were recorded 
upon piesentation of the last two stimulations (BS) of the senes 
The lesults of the session are summarized in the chart (Figure 3) 
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FIGURE 3 

Percentage Incidence of Eari.y Breathing and Leg Responses, 
Experiment I 

Key —"Total BS“ indicates the total numbei of reinforcementa to the end 
of each bcssioti, "Shack" values are given iti tnilUamperca Solid Columns 
indicate the percentage incidence of sharp eaiiy inspirations or leg with¬ 
drawals, while Hollonv CoJuuitis show other responses BSC indicates the 
use of the short-circuiting contacts, DnoSC, their omission (Note reversed 
conditions after Session 14 ) 

which represents the early lesponses observed duiing double stim¬ 
ulation.- It will be seen that 12 BS stimulations were enough to 
establish some indications of conditioning 

®The lesuJts of the “test” presentations of B have been tabiiJated for 
these animals but will not be rcpioduced m this paper Because of the 
relatively few "tests" duiing each session, the values obtained from this 
index were not stable, but they were found to parallel, in a rough w.iy, the 
values obtained from early responses (See Experiment IV,) 













116 


JOURNAL OP GENETIC PSYCHOLOGY 


An examination of the results of the next two sessions, as pre¬ 
sented in the same chart, will show that conditioning was by no 
means stable. During the third session there were almost no in¬ 
dications of conditioning This loss may be attributed to a weaken¬ 
ing of the unconditioned reaction itself, for, during the thiid session, 
the rat barely moved his leg in response to S Increasing the shock 
to 2 ma. led to a slight improvement during sessions 4 and 5. Sub¬ 
sequent increases and decreases of the strength of the shock led to 
corresponding changes in the incidence of early breathing and leg 
reactions until, during sessions 13 and 14, the rat showed an 
average incidence of 83 per cent for early inspiiations and of 70 per 
cent for leg pulls Buzzes presented as simulations 13, 20, 21, and 
22 consistently elicited inspirations, leg pulls, and squeals. L, the 
“indifferent” stimulus, was ineffective. About the only B stimula¬ 
tions that did not elicit conditioned responses were the first few of 
each session. This probably does not indicate a great deal of 
“forgetting” over-night, but seems more comparable to the “warming- 
up” part of a work curve In an earlier paper (19) we have dis¬ 
cussed this point and indicated that several stimulations by BS, S, 
or B will serve to bring the animal up to an effective level of 
performance [Cf. Liddells (12) use of a “priming” shock.] 

If we discount the “warming-up period” at the beginning of each 
session, we may say that rat AO had developed a fairly stable con¬ 
ditioned inspiration, leg pull, and squeal after 13 or 14 experi¬ 
mental sessions, a total of 200 paired presentations of B and S. We 
will now leave this animal for a time and consider the resultb ob¬ 
tained from his experimental mate 
2. The Development of Conditioning in Rat Al. During the 
“pretest” period. Rat Al was more active than AO B elicited a 
shift from slow to rapid breathing, a shift in level, or slight in¬ 
spirations about half the time (four out o-f seven). At the be¬ 
ginning of the first training session, B and L again called out breath¬ 
ing responses. Training was then staited with a shock of .1 ma. 
(SC), Out of 12 BS stimulations, two resulted in early inspirations, 
and two in other early breathing response There were also three 
leg reactions that we have classified as ‘‘other leg reactions ” In 
this case they consisted of one slight relaxation or extension of the 
leg and two slight tremors. Three presentations of B near the end 
of the session resulted in inspirations with a latency of one second 
followed by squeals but no leg responses. 
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We need not devote more space to a detailed desciiption of the 
development of conditioning in this rat An inspection of Figure 3 
will show that he developed a conditioned breathing response some¬ 
what more rapidly than did Rat AO during the early sessions but 
that he fell behind during sessions 6-9. This may be partially at¬ 
tributed to a weaker shock, made necessary by his greater excitability, 
for the incidence of early breathing responses for A1 approaches that 
for AO during sessions 10-14, when the shocks were of equal 
strength. But A1 never developed a stable leg response duiing these 
14 sessions, totalling more than 200 reinforcements 

3. The Effects of the Shori-Ctfcuitmff Contacts. In previous 
papers (19) we have shown that the use of contacts so arranged 
that they prevent or terminate the shock as soon as the rat responds 
(tail withdrawal) do not mateiially modify the progress of con¬ 
ditioning. And now in the present experiment we see that AO, the 
noSC animal, actually conditioned mote completely than did Al, the 
SC rat This was true in spite of the fact that AO had never 
terminated or avoided the shock by his response to it, while Al had 
regularly terminated the shock by each withdrawal. It should be 
noted, however, that Al had completely avoided the shock by an 
early response only four times during 200 stimulations. It seemed de¬ 
sirable to see what would happen when a rat consistently prevented 
the shock by his response to the buzz Therefoie, the two train¬ 
ing situations were reversed, rat AO to SCy and Al to noSCj stait- 
mg with session 15 

Rat Al became quite excitable under the new conditions, pre¬ 
sumably because of the increased duration of the shock, since the 
rat could no longer terminate the shock before the full .17 seconds 
had elapsed. Many of the responses during the next six sessions 
could not be scored with any degree of assurance because of the 
confusing effect of the intermittent stru ggl es The values plotted 
for sessions 15-20 for this rat (Figure 3) should therefore be ac¬ 
cepted with caution, but they do indicate that conditioning fell oft 
somewhat under the new conditions. 

Rat AO showed much more mtercsting behavior It will be 
recalled that he had developed a stable withdiawal response under 
noSC conditions Under the SC conditions, he avoided the fust 
shock by early leg withdrawal (Figure 2, F). The omission of the 
shock led to weakening of the response so that on the next three 
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BS stimulatioiis no early leg response was obtained. But these 
three reinforcements again strengthened the response so that he 
avoided the shock by early withdrawals on the next three BS stim¬ 
ulations. This alternate waxing and waning of the response con¬ 
tinued during the remaining five sessions, with no single sequence 
showing more than six successive eaily leg responses ^ Superimposed 
on these short cycles was a gradual falling off of conditioning duiing 
sessions 15-18, with a slight recovery during the last two sessions 
The results with this animal may be summanzed most readily by 
saying that a withdrawal that prevents the shock leads to “experi¬ 
mental extinction” of the conditioned response, instead of to a 
"stamping in” of the "sutcessful” response. 

4. Experimental Extuictton Session 20 was devoted to the study 
of "experimental extinction.” Stimulations were spaced by 30-90 
seconds, according to the usual stimulation schedule The results 
will not be presented in detail but may be summarized as follows 
Rat AO Six buzzes resulted in six sharp inspirations, one of 
which was accompanied bv leg pull and ajueal. L was ineftective 
three times in succession After one rcinfoicemcnt (tlie fiist BS of 
the session), the response to B gradually increased until it consisted 
of inspiration, leg pull, and squeal about halt the time The latency 
of the responses was long, vaiying up to one second. The i espouse 
then fell off, so that at the end of the se^ion the eleventh B since 
reinforcement was ineffective, and the twelfth elicited only an in¬ 
spiration and squeal but not a leg icsponse 

Rat Al, This animal responded to every one of 20 buzzes with 
an inspiiation and squeal of 1 to .3 second’s latency. During the 
last part of the session, nine out of 12 buzzes also elicited slight leg 
movements under one millimeter in extent There was, in other 
words, no indication of extinction after 20 unreinforced presenta¬ 
tions of the conditioned stimulus Five presentations of the "in¬ 
different” L, a stimulus that had never been reinforced, elicited about 
the same responses as B hut weaker and less consistently This pro¬ 
nounced “generalization” is another indication that rat Al never 
developed a very stable conditioned response 

Experiment II 

This experiment differed from the piecedmg one chiefly in the 
use of L instead of B as the conditioned stimulus Six training ses¬ 
sions (total of 90 LS) were given to each of two rats, A2 {SG) and 
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A3 (noSC), in addition to pretraining, pretesting, and an extinction 
session. 

1 The Effectiveriess of the Sitmult before Training At the 
start of the “pretest” session, B and L were each presented four 
times to each rat. A2 made no response to E, but showed a slight 
break in breathing ihythm to one L and a delayed (1 0 second) 
inspiiation and leg movement ( 5 millimeter) to another L Rat 
A3 was somewhat moie active, responding with a slight shilt in the 
’speed or level of breathing to each B and to 3 L, The remaining 
L elicited a struggle, after a latency of two seconds After the de¬ 
termination of shock thiesholds (see below) B and L were again 
tested and found to elicit no observable responses in either animal 

The rest of the session was devoted to an ascending and descending 
series of shocks in an attempt to deteimine the thiesholds foi both 
animals Duiing the ascending senes both rats showed the first 
clear-cut response to a shock of 08 ma The response involved a 
slight bieak in the breathing cuivc, and a leg withdrawal of one 
millimeter A shock of 15 ma resulted in an inspiration, squeal, 
and leg pull (two to three centimeters, as measured on the recoid) 
A shock of 25 ma elicited similar responses, with the leg pull 
reaching an amplitude of 4 5 centimeters for rat A2, and four 
centimeters for A3. These responses had all been recoided with 
the SC contacts in the ciicuit so the actual duiation of the stronger 
shocks was about 1 seconds rather than ,17 seconds Omission of 
the SC contacts increased the response by 5 centimeters Duiing a 
descending series, the leg response diopped out below 1 ma., but a 
slight inspiration and squeal was still observed at 05 ma. Thus the 
threshold for both of these animals (with the apparatus described) 
was between .05 and I ma. It was decided to use a shock of .2 ma. 
during the early training of each animal The inclusion of the SC 
contacts m the circuit of lat A2, the more active animal, thus de¬ 
creasing the duration of the shock, made the responses of both rats 
approximately equal in amplitude 

2 The Development of Conditioning. An examination of 
Figure 4 will show that both of these lats developed conditioned 
breathing responses quite rapidly. During the second training session, 
A2 responded to every LS by an early sharp inspiration and only 
failed SIX out of 60 times duiing the remaining four sessions. He 
responded with an inspiration and squeal to practically every test 
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presentation oi L, with the exception oi the “warming-up” stimula¬ 
tions given at the beginning of each session (sec above). The first 
conditioned inspiration and squeal occurred after only five reinforce¬ 
ments. 

In spite of this rapid development of conditioned breathing re¬ 
actions, the rat never developed a very stable leg withdrawal. 
During the whole six sessions only two early leg pulls and four 
slight early leg movements (one millimeter) were recoidcd This 
poor showing may be partially attributed to the latency of the 
conditioned leg reaction. During the last four sessions, five full leg 
pulls were obtained out of 14 legible records of the response to test 
presentations of L. The latency of these responses vaued around 
4 seconds so that any leg response that would have been elicited by 
L of a paired stimulation would usually have been masked by the 
response to the S component But even on the test presentations of 
L this animal showed a relatively low incidence of leg responses. In 
addition, the conditioned response was so "generalized” that it ap- 
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peared fully as often to the “indifferent” stimulus, Bj as to the 
conditioned stimulus, L. 

Rat A3 conditioned somewhat more slowly Figure 2 shows that 
the early inspirations reached their maximum on the third day 
and then fell off during the remaining sessions, never reaching the 
high value shown by A2. The early leg reactions i cached their 
greatest frequency during session 4- when they occurred 30 per cent 
of the time—a trifle better than A2. On test presentations of L 
the response was more prompt than that of A2 so the incidence of 
all responses on tests closely paralleled that obtained from early re¬ 
sponses 

The training was discontinued after session 6, for the curves 
were all falling and there was no indication that conditioning would 
improve with additional training It will be noted that these two 
rats reached their maximum level of conditioning much sooner than 
did those of Experiment I, probably because they had been started 
with a stronger shock The other possible explanation, that L is 
a more effective conditioned stimulus than B, is unlikely, as we will 
try to show later. 

3 Expert?nenial Exiinction In response to the first L of the 
extinction session, rat A2 responded with two unvocahzed squeals 
That is, although no squeal could be heard, the breathing pattern 
showed the characteristic curve that occurs when a rat squeals—a 
sharp inspiration, a plateau-lifce period during which the breath is 
slowly expelled, and a sharp expiration (as on record B, Figure 2) 
The actual amplitude of the response was no greater than that of 
the usual breathing A similar response was elicited by L for seven 
times in succession. On two occasions reinforcement {LS) in¬ 
creased the response so that it was vocalized, but m each case it 
returned to the previous level after one or two unreinforced pre¬ 
sentations of L. No conditioned leg withdrawals were observed dur¬ 
ing this session with rat A2. 

Rat A3 was much more active. The response to the first L was 
obscured by an irregular breathing line, but the second L elicited 
an Inspiration and a loud squeal. On the next L, an irregular step- 
hke leg withdrawal was added The response then waned but re¬ 
covered without additional reinforcement Toward the end of the 
session, after 15 unreinforced presentations of h, tliree conditioned 
inspirations, squeals, and leg responses were recorded Two of the 
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leg responses were full withdrawals, of long latency (one and two 
seconds, respectively) and the other was a two-millimetcr leg move¬ 
ment of normal latency (.3 seconds) 

Experiment III 

This experiment was planned to t«sst the effectiveness of sessions 
in which the conditioned stimulus was always reinforced, to avoid 
the possibility of setting up inhibitions by test presentations. Rats 
Cl and C2 were each given 11 training sessions, each session (ex¬ 
cept the first—see below) consisting of 22 BS stimulations, and three 
presentations of to check generalization. They were pretrained, 
but no separate “pretest” session was used. Instead, the first half 
of the first training session was used for “pretesting” In this 
period it was found that B and L were both ineffective in eliciting 
original responses from both animals. The threshold for S was lower 
than it had been for rats A2 and A3, being about ,02 ma. A shock 
of 1 ma resulted in an average leg withdrawal of 4 5 centimeters 
with rat Cl, and of three centimcteis with C2. Conditioning was 
started with a shock of this strength, with Cl as the SC animal, 

An examination of Figure 4 wdl show that conditioning de¬ 
veloped slowly, early inspirations rarely exceeding nn incidence of 
50 per cent during II sessions, totalling 226 reinforcements The 
leg reactions were correspondingly infrequent. The experiment was 
discontinued after 11 sessions with no attempt made at extinction 
The low level of conditioning obtained in this expeiiment may 
have been partly due to the strength of the shock. During the early 
sessions .1 ma, was used, and later, .2 ma. and ,3 ma. As an absolute 
value this is low, compared to that usually employed, but it was 
sufficient to elicit a strong reaction, which is probably as significant 
as the absolute strength We hesitate to conclude that the poor 
conditioning was largely due to the omission of “tests,” but we 
feel safe in making the more conservative conclusion that occasional 
tests do not retard the development of conditioning. 

Experiment IV 

Frequently during tlie first three cxpeiiments wc had noticed that 
the shock elicited a lifting and curling of the tail, and that this 
reaction sometimes became conditioned Therefore, the tail lever 
already described (iindei ^ppetatus) was added and used during this 
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expel vment It should be noted that the tail was never shocked so 
that the response must be considered a component of the reaction 
to the leg shock. The tail reaction reported here must not be con¬ 
fused with that described in the first paper of this senes, in which 
the shock had been applied to the tail. 

Certain other modifications were made m the procedure used in 
Expeiiment III The shock was kept at a highei value throughout. 
Beginning with session 6, four to seven test presentations of B 
were made duung each session to furnish a second index of con¬ 
ditioning. Finally, beginning with session 8, the first two stimula¬ 
tions of each session weie isolated shocks, to eliminate the "warramg- 
up” peiiod Two lats, XI and X2, were cariied through IS sessions 
(258 BS) in addition to prctiaining and pretest sessions 

1 Original Effects of the Stimuli The first six stimulations of 
the pretest session were devoted to a short ascending and descending 
senes of shocks A shock of 05 ma. elicited a slight inopiiation and 
squeal, but no leg reaction, in rat XI, while in X2 it elicited a 
similar reaction, except that the squeal was whispered, lather than 
vocalized A shock of 2 ma elicited a consistent inspiration, squeal, 
and leg witlidrawal in rat X2 and a moie variable reaction in XI 
It was decided to stait training with a shock of 2 ma , using the 
SC contacts with X2 

Afte: the determination of thresholds, the animals were tested for 
their responses to B Rat XI made no responses, and X2 made 
no clear-cut ones, but we can be less certain of this latter point 
since rat X2 showed a somewhat irregular bicathing line at the 
time 

2 The Development of Conditioning {^Except Tati Reactions) 
An examination of the bars representing the percentage incidence 
of early breathing leactions in Figuie 5 will show that the develop¬ 
ment of this response was rather slow, but fairly steady In fact, 
if some allowance is made for variation, the results appioximate a 
typical learning curve, levelling oft during sessions 5 or 6 with an 
incidence of slightly better than 80 per cent. The incidence does 
not go beyond this value foi any protracted period, in spite of in¬ 
creased shock. The incidence of eaily leg reactions is much lower 
and more incgular than that of breathing changes. In addition to 
the data from early responses, there ate also available the records of 
the responses to test presentations of B. Since such tests were used 
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FIGURE 5 

Experiment IV, For Explanatiom, see Fjcure 3 and Text 
The incidence of Early responses is shown on the left 
The incidence of responses during TeUs, sessions 6-15, is shown on the 
right. 

more freely, starting with session 6, than they had been in. Experi¬ 
ments I-III, it becomes worthwhile to include them in the published 
chart. Therefore, on the right side of Figure 5 will be found the 
percentage incidence of breathing, 1^, and tail responses observed 
on test presentations of B, sessions 6-15. An examination of the 
breathing responses will show that both criteria of conditioning yield 
closely parallel results, with the data from "tests” showing slightly 
higher values. The disparity between the two indices is somewhat 
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greater for leg reactions, largely because conditioned responses of 
long latency, that would not have shown as earlies, do show up on 
the tests (See Experiments I and 11.) In making these compari¬ 
sons, It must be remembered that one failure to respond to a “test” 
will change the incidence by 15-25 pei cent. Therefore, the close 
coirespondence between the two indices is rather suipiising. 

The frequencies with which the tests elicited squeals have been 
tabulated, but cannot readily be included m the chart, for they have 
no parallel m caily responses. The incidence of squeals, session for 
session, is almost identical with that for shaip inspirations Indeed, 
this would necessarily be true, for the typical sharp inspiration ends 
in a squeal 

Considering all of our data from this experiment, we see that a 
faiily consistent conditioned inspiration and squeal was set up in 
both rats during five sessions, after 100 icinforcements, but that the 
leg withdrawals did not become stabilized during 15 sessions The 
conditioning developed a trifle more slowly than it did m Experi¬ 
ment 11 in which a shock of similar strength had been used, but 
more rapidly than m the two experiments (I and III) in which a 
weaker shock had been employed. On the other hand, the con¬ 
ditioned leg reaction never became as stable as it had in the ex¬ 
ceptional rat AO. Comparing the lats of this cxpeiiment with 
each other, we find that there is no obvious difference between the 
results obtained from X2, the animal that could teimmate the shock 
by withdrawal, and XI, the rat that always received a shock of 
fixed duration In passing, it may be noted that X2 avoided the 
shock by an early leg withdiawal only nine times during 258 pre¬ 
sentations of B8. 

Before turning to a description of the tail responses it seems ad¬ 
visable to comment on the other variations that were made in this 
experiment First, the inclusion of four to seven test pieseiitations 
of B has furnished us with an index of conditioning that is supeiior 
in some ways to that obtained from early responses The tests do 
not seem to have retarded conditioning, for there is no drop in the 
indices of conditioning after these tests were started in session 6 
Secondly, the use of two "energizing” shocks at the beginning of 
the session, starting on the eighth day, apparently did not mateiially 
modify the rate of conditioning. The chief advantage of these 
shocks is that they put the animal in an alert state at the beginning 
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of the session, thus making the first few responses comparable to the 
later ones As a matter of fact, it was the use of ‘‘energizing" 
shocks that made practical the use of test presentations of the con¬ 
ditioned stimulus as a stable index of conditioning. In Experiments 
I and II presentations oi B oi L at the beginning of a session fell 
in the "warming-up” period and were usually negative But in the 
present experiment, tests made at the beginning of a session, im¬ 
mediately after the two shocks, were quite as apt to be positive, 
as were the later ones, and could thcrefoie be included m the index 

3. Tail Reactions The tail reaction to a shock on the foreleg 
consisted of a stifiening of the tail, usually followed by a flailing oi 
arcing The flailing might be continuous with the stiftening or 
might follow It by as much as .3 seconds The stiffening showed 
as a fall in the record as the weight of the tail was removed from 
the recording system (Notice the sag in the tail, Piguie I ) The 
flailing appealed as a sharp upward excursion of the iccotding lever. 
(Figure 2, G, shows both responses.) Appioximately half of the 
reactions to shock did not show the preliminaiy stiffening, piesum- 
ably because the flailing started befoie the iclatively slow recoiding 
system had taken up the slack resulting from tlic stiffening The 
latency of the unconditioned tail reactions was about the same as 
that of the unconditioned breathing and tail lesponses, that is, below 
1 seconds 

Both of these tail reactions became conditioned to B. (Sec Figure 
2, H,) An examination of Figure 5 (,open boxes) will show that 
conditioned tail stiffening occurred almost as ficqucntlv as did 
sharp inspirations The flailing responses (filled boxes) occurred 
somewhat less frequently, as measured by early lenctions, than did 
leg pulls But a somewhat better indication of the extent to which 
these responses were conditioned is furnished by their incidence on 
test presentations of since the latency of these conditioned re¬ 
sponses was often longer than the .33 seconds which elapsed between 
B and 5 of a double stimulation (The record in Figure 2, H of 
XI, session 9, stimulus 20, shows conditioned tail and leg reactions 
with a latency of approximately one-third second.) Thus X2 
showed no early flailing responses but did respond' in tins fashion to 
10 per cent of the isolated presentations of B Comparing the 
incidence of the flailing reaction with that of leg pulls, both de¬ 
termined on test presentations of B, we find that X2 developed more 
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frequent leg withdrawals, and that XI showed a higher incidence of 
tail Railings. The significance of these results will be discussed 
later 

Experiment V 

In Experiments I-IV we had used the shocking apparatus de¬ 
scribed in the first paper of this senes (19). It furnished a half- 
wave rectified 60-cycle A. C. at 50-500 volts, through 550,000 ohms 
resistance external to the rat. This should have furnished a shock 
consisting of 60 equal pulses per second, lasting for ,17 seconds 
unless terminated sooner by the SC contacts The behavior of the 
rats bore out the theoretical prediction as did the reports of human 
subjects who tested the shock It was feared, liowever, that this 
evidence did not completely eliminate the possibility that polariza¬ 
tion was cutting down the effectiveness of the shock toward the end 
of Its duration The question seemed particularly important when 
we considered the effects of the SC contacts If most of the shock 
occurred at the onset of the current, the lat would not materially 
decrease its effectiveness by cutting off the last half of it In that 
case, there would be little difference between the SC and noSC sit¬ 
uations Threshold tests (see Experiment 11) indicated that tins 
fear was probably groundless, but in the interests of caution it seemed 
desirable to train a pair of animals with a more traditional type of 
shock A Harvard mductonum was therefore substituted for the 
more complicated shocking apparatus. The primary coil was actu¬ 
ated directly from a transformer (2-volt, 60-cycle) with the un¬ 
certain "automatic” interrupter omitted. The induced 60-cycle 
A. C should have been free from polarizing effects. To obtain a 
current of satisfactory strength, the S50,000-ohni external resistor 
was omitted. Two rats, X3 (SC) and X4 (noSC), were trained 
through five sessions, using the secondary coil at 3 5-5 centimeters 
from the primary. 

The results obtained from these animals were very similar to 
those from the first five sessions of Experiment IV It scarcely 
seems necessary to present them in detail, using a separate chart. 
The average incidence of early inspirations during sessions 2-5 was 
42 per cent for X3, and 62 per cent for X4. Similar figures for 
early leg pulls were 3 per cent and 5 per cent, respectively, and 
for all tail reactions, 6 per cent and 31 per cent The only index m 
which these rats differed materially from those of Experiment IV 
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was that for tail stiffening, an index which is distinctly a function 
of the tension on the tail. The dose similarity between the results 
obtained from these two experiments indicates that the two different 
types of shock weie equally effective as unconditioned stimuli. 
Further, X3, the SG animal, certainly did not show better condi¬ 
tioning than X4, the noSG rat. This result shows clearly that no 
peculiar characteristic of the shock used in Experiments I-IV and 
in the earlier studies was responsible for our failuie to obtain more 
complete conditioning in those animals that could prevent or teimin- 
ate the shock by their response. 

Discussion of the General Results 

During our description of the five separate experiments, it oc¬ 
casionally seemed necessary to indicate certain general relationships 
between the results obtained under different conditions. But in 
general we have kept such discussion at a minimum, reserving fuller 
consideration of our results until they were all available at one time 
In the following pages we will try to indicate the more important 
generalizations that seem justified by our results. 

1. The Responses Developed- Every one of the experiments 
indicated that modification of the breathing curve is rather easily 
brought about by repeated presentation of buzz or light, paired with 
a shock to the foreleg. After a few such reinforcements B or L will 
usually elicit a slight change in the breathing rhythm (Figure 2, 
D). The next response to develop consists of a sharp inspiiation, 
typically followed by slow plateau-like expiration, during which the 
animal squeals (Figure 2, Fj H, and early on £). This response 
may appear during the first training session and, under favorable 
conditions, reaches a maximum incidence of better than 80 per cent 
after one to five sessions, or 12-75 reinforcements. The components 
of this pattern vary somewhat in strength and form from time to 
time and from rat to rat The latency of the inspiiation itself is 
usually about .1 seconds, after it is well established, so that the in¬ 
spiration may be observed as an early response occurring befoie S 
of a BS stimulation If the conditioning is less well advanced, the 
latency may be considerably longer so that some of these breathing 
responses are masked by the response to shock. The other element 
of the pattern (squeals) can rarely be observed as early responses and 
must be studied by isolated “test” presentations of the conditioned 
stimulus. 
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The establishment of a conditioned leg response is much more 
difficult and uncertain. A well-developed conditioned withdrawal 
shows a sharp jerk with a latency of .1-.3 seconds that brings the 
foot to a fully flexed position, followed by a giadual relaxation to 
the extended position The early phases of such a stable response 
can be observed before the S of a BS stimulation, but if condition¬ 
ing IS less stable, the latency of the response may be as much as one 
second so that the withdrawal can only be observed on "tests ” One 
rat, (AO), developed an incidence of 80 per cent foi this lesponse 
during session 8 and maintained it above 70 per cent (with one 
lapse) through session 14 No other rat even approached this level 
The next best animal, XI, had an average incidence of 15 per cent 
during sessions 10-13, as measuied by early responses. When the 
incidence for XI was determined by the more sensitive index derived 
from "tests," it became 57 per cent, indicating that most of the 
responses liad a long latency. The remaining animals showed only 
occasional conditioned leg withdrawals. 

In addition to the sharp leg pulls, there weie a number of smaller 
responses that have been lumped under the general heading of "leg 
responses other than sharp withdrawals.” Their combined incidence, 
on the average, was about the same as that of the sharp pulls. Their 
latency was also the same. They consisted mainly of slight move¬ 
ments of the leg, such as active or passive extensions or lateral 
movements that obviously could not be consideied as withdrawals. 
They showed on the records as slight rises or dips or both com¬ 
bined m a ripple. All movements that showed as rises in the lecord 
or that caused falls of less than five millimeters were arbitrarily 
classified as "other leg movements” (Note that a pull causes a 
downward movement on the record ) It is undoubtedly true that 
this or any other arbitrary criterion will result in the inclusion of 
slight withdrawals in the category of "other leg responses.” How¬ 
ever, most examples of the two types of response were different 
enough to permit their separation into two groups, and a change of 
a few millimeters m the line of demarcation would have changed 
only a few responses from one class to the other (In Figure 2, 
E shows an early withdrawal, F shows one not masked by S, and 
H shows a drop.) 

Finally, it was found that tail reactions occur as part of the 
response to a shock on the foreleg and that these responses may be 
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conditioned. (Rats X1-X4.) These responses may also be divided 
into two classes, a preliminary stiffening, showing on the records 
as a slight (1-2 millimeter) downward excursion, and a flailing 
movement, recorded as a sharp upward excursion (1-3 centimeters). 
Both are shown on Figure 2, H The conditioned flailing move¬ 
ments show about the same incidence (when dcteimined from 
“tests”) as do the conditioned leg withdrawals, but because of their 
long latency they are not adequately observed as early responses 
The stiffening reaction may show a higher incidence, but the value 
obtained is probably partly a function of the tension and inertia of 
the recording system 

2 The Relationship between Conditioned and Unconditioned 
Reactions. There has been a great deal of discussion, particularly 
during the last few years, as to whether or not the conditioned 
response is the same as the unconditioned one Much of this dis¬ 
cussion has been summarized by Hull (8, p. 429), As the present 
writer reported m 1928 for the human conditioned Icncc jerk (15) 
and in 1934 for the conditioned tail withdrawal in the rat (19), 
there seem to be certain differences between the conditioned nnd un¬ 
conditioned responses Similarly in the present paper we have in¬ 
dicated that the conditioned responses developed arc slower and 
weaker than the unconditioned ones on which they aie based. Such 
differences In the latency, form, and amplitude arc to be expected 
since different leceptors, and presumably different neural arcs, are 
involved in the conditioned and unconditioned responses But if we 
adopt a less atomistic view, the similarities between the two responses 
stand out We have already indicated that the behavior elicited in 
a rat by electric shock vanes with the strength of the shock and the 
condition of the animal A calm animal will lespond to a shock 
of threshold value with a slight change m amplitude, form, fre¬ 
quency, or level of the breathing curve [cf “Flutter Response” (23) 
and “Lullaby Effect” (22)] As the shock is increased in strength, 
or as the rat becomes more excited, the behavior becomes more 
elaborate, involving sharp inspirations, widely distributed tonic 
changes (as tail reactions and leg relaxations), squeals, and with¬ 
drawal of the stimulated member, culminating in flight, or, if the 
animal is restrained, m struggling. Instead of treating each of these 
elements as a separate response, it is possible to consider the whole 
mass of behavior as a single integrated pattern, ranging from some- 
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thing like tile famous "investigatoiy reflex’’ to complete withdiawal, 
depending on the strength of the stimulus and the condition of the 
animal If we use the term “unconditioned response” for this more- 
or-less integrated pattern of behavior, we can say that the con¬ 
ditioned response is quite similar to the unconditioned one in eveiy 
respect except strength The breathing changes of the "flutter” 
type will not be consideied to be new responses but rather an eaily 
stage of the conditioned lesponse closely resembling the unconditioned 
response to a weak shock And as conditioning continues, and the 
conditioned response increases in strength, it lesembles the response 
elicited by a stronger and stronger sliock Under the present ex¬ 
perimental set-up, It IS usually not possible to establish a conditioned 
response as extensive as that which may be elicited by a busk shock 
This IS shown particulaily by our inability to develop a stable con¬ 
ditioned foreleg withdiawal in eight out of ten rats. Other indica¬ 
tions of the lelative weakness of the conditioned response were the 
instability of its elements, the marked generalization shown by the 
piesentation of "indifteient” stimuli, and the small amplitude of the 
shaip inspirations 

The failure to obtain a conditioned response as stiong and stable 
as was the unconditioned one is not peculiar to the present experi¬ 
ment, but is typical of conditioning in general (13, 8, p 428-429) 
The conditioned responses obtained m the present experiments were 
somewhat weaker and less stable than those obtained with shock in 
some of the higher mammals ( 1 , 12 ) which may perhaps be at¬ 
tributed to the fact that the rat has no very stable response that is 
adequate for dealing with a shock when the animal is restrained, A 
conditioned response involving actual flight from the locus of the 
shock may be established with relative case (9) but the combination 
of shock and lestraint is more apt to result in struggling than in 
piecise foreleg withdrawal in the rat Apparently the foreleg with¬ 
drawal from shock is too intimately bound up with locomotion to 
be readily conditioned as a specific response (cf, 11) 

We may now turn our attention to the unconditioned reaction to 
buzz or light, as observed before training. A consideration of the 
responses elicited by 5 or Z. during the pretesting sessions will in¬ 
dicate that either of these stimuli may elicit the same response as the 
shock. It should be noted, however, that B or L rarely elicits a 
strong reaction, the moie typical response being a simple change m 
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the breathing curve Even this slight response does not occur 
consistently and seems to drop out after a few presentations of B 
or L But the mere fact that the new stimulus, before training, may 
occasionally elicit all the reactions that we hope to condition to it 
should be noted. Comparable statements may be made about many 
other types of conditioned response experiments For example, in 
the knee jerk (16) or the eyelid reflex (+), the to-be-conditioned 
stimulus may be shown to be in functional relationsliip with the 
unconditioned reflex through the demonstration of its facilitating 
effect on the latter. Indeed, it is possible that we could not estab¬ 
lish a conditioned reflex at all unless there were already present some 
sort of a connection between the new stimulus and the unconditioned 
response. This does not mean that we are doing nothing by our 
conditioning proceduie. There is a marked difference bettreen the 
rat m which a 5 or L will release a squeal or struggle, when he is 
so excited that he is about to struggle anyway, and the rat in which 
the same 5 or i will regularly elicit a shaip inspiration, squeal, and 
leg withdrawal, even wiien he is resting quietly. A glance at the 
charts presented in this paper will show that our conditioning pro¬ 
cedure brings about the change from a rat which is occasionally 
startled by B or Lj to a rat which responds to them more or less as 
he would to the shock and brings it about m a fairly regular manner. 
But since the change is a gradual one, it is difficult to say just when 
conditioning has occurred Of course some aibitraiy criterion could 
be established, but for present purposes it seems more satisfactory 
simply to indicate the changes that have actually been brouglit about 
by the training and not to decide exactly when an animal may be 
said to have developed a conditioned response. 

3 Conditioning Based on Foreleg Shock Compared with That 
Based on Tail Shock A comparison of the results described in this 
paper, based on a foreleg shock, with those previously reported, 
which were based on a shock to the tip of the tail, will indicate that 
the results are not dependent in either case upon tlie particular 
withdrawal response elicited. Of course a tail shock results primarily 
in tail withdrawal instead of in flexion of tlie foreleg, hut the 
breathing reactions, squeals, and even the gervcial characteristics of 
the withdravral itself are not very diffeient. Indeed, even after 
studying the many thousands of reactions of each type reported ui 
these papers, it is difficult to tell from the record proper whether a 
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given record was taken from the tail or the foreleg. The incidence 
of conditioning obtained during the two studies is about the same, 
when we have roughly comparable conditions of training, such as 
stiength of shock, number of trials, etc 

At this point it might be well to repeat that the tail withdt awal 
reported in the first paper is not the same response as the tail re¬ 
action recorded from rats XTX4 The latter reaction is incidental 
to foreleg stimulation, is recorded from the tip of the tail, and may 
be considered pait of the tonic background of the foieleg with¬ 
drawal. But the tail withdrawal reported earlier was a definite 
withdrawal of the base of the tail, involving a thrusting forward of 
the whole hiiid quarters of the animal, and is not comparable with 
the foieleg reaction reported in this paper. 

4. The Effects of the Shoit-Circutting Contacts, In the experi¬ 
ments with the tail withdiawal it was found consistently that it 
made little or no difference in the rate of conditioning ■whether or 
not the rat could terminate or avoid the shock by withdrawing the 
tail In the present expeiiments one lat of every experimental pair 
was trained with shoit-circuitmg contacts arranged so that the first 
movement shorted the shock, while his experimental mate was trained 
without these contacts An examination of the charts will show 
that the only pair of rats m which there was a clear difference in 
incidence of leg responses between SC and noSC rat was the pair 
used m Experiment I. In this experiment it was the noSC rat (AO) 
that developed the leg withdrawal, despite the fact that the response 
did not terminate or pi event the shock We thus find no more 
indication that anything comparable to the “law of effect” is work¬ 
ing in the conditioned leg reaction than we did for the conditioned 
tail reaction. Furthermore, when we did place the SG contacts m 
the circuit, after rat AO had developed a consistent leg withdrawal, 
the response fluctuated in frequency of incidence, apparently under¬ 
going pel iodic cycles of extinction and reinforcement. In other 
words, success in avoiding the shock led to extinction of the response 
instead of “stamping it m” This would seem to be an example 
of what Hull has referred to as “the dilemma of the conditioned 
defense reaction” (7). It has been avoided by some experimenters by 
never omitting reinforcement (12, 22, 23). Finch and Culler (2) 
have overcome the effects of such extinction by punishing their dogs 
with an extra shock (to the thorax) if they fail to respond. More 
recently (1), they have reported the use of what may be called a 
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substitute reinforcement, namely, a buzzer winch always sounds 
when the shock is on, even though the dog may have his foot lifted, 
thus avoiding the shock Tins might seem to make tlie conditioned 
response a second order one with the buzz a first order conditioned 
response, and we should expect tiie same difficulties in extinction of 
the buzz-shock conditioned response we have found in tlic rat. How¬ 
ever, James (10) has reported that conditioning in some dogs can 
be established more readily if the dog can avoid the shock. Ap¬ 
parently, then, animals higher than the lat can learn to avoid a 
shock by a specific foreleg flexion, while the rats cannot, at least 
m our present experiments. 

5. The Importance of the Streiiffth of the Shock. One of the 
most important factors m determining the development of condi¬ 
tioning is the strength of the shock. This was found to be true for 
the tail withdrawal, previously leported, and seems to be equally 
true for the responses based on a shock deliveied to the foreleg It 
will be noticed that conditioning was much slower in those rats 
(AO, Al, Cl, C2) that weie started with a shock of 1 ma than 
it W. 1 S jn those (A2, A3, XI, X2) that were started at ,2 ma. With 
the former animals, conditioning did not show a high incidence until 
the shock was increased in intensity to .2 ma. or more. Further, ns 
training progresses, the rats seem to "adapt" to the shock so that 
It must be increased still furthei. In general, it may be said that a 
favorable strength for the shock during the early sessions is 2 ma, 
with a stronger value, perhaps as high as .4 ma. during the later 
sessions These values, of course, may be stated only for our piesent 
rats and apparatus They are about ten times the threshold But 
perhaps the best way to describe the strength of the shock is by the 
reactions it elicits. The shock should be strong enough to elicit a 
sharp and full leg reaction, accompanied by several loud squeals, but 
not strong enough to cause continued struggling. Conditioning 
might or might not be more rapid with a stronger shock, but the 
question cannot be decided because any conditioned reactions that 
occur under such conditions are confused with the background of 
struggling 

6 Experimental Extinction Extinction sessions were given only 
to the four rats of Experiments I and II. Of these, the only one 
that had anything approaching a stable conditioned leg withdrawal 
was rat AO. After one buzz-shock stimulation, this rat showed a 
waxing and waning of the response during 10 unreinforced buzzes. 
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This would seem to be tile same phenomenon noted m experiments 
reported by Switzer (21), and by Hilgard and Marquis (4), in 
which the conditioned Iid response incieases during the early part 
of an extinction session and falls off again toward the end We have 
noticed it occasionally during our experiments reported previously, 
but hesitate to stress it, in view of the instability of the conditioned 
responses obtained and especially since the lat is apt to be inactive 
during the early part of a session unless the “energizing” shocks are 
used. 

Roughly comparable to the results obtained fiom this rat were 
those obtained from lat A3 The stiength of the response waxed 
and waned iriegularly thioughout the extinction session, reaching 
a high point when, after 15 unremfoiced Lj three successive presen¬ 
tations of L resulted m inspirations, squeals, and leg pulls. With 
both animals there was a tendency for the responses to have a 
long latency during extinction 

Rats A1 and A2 presented a different picture The first of these 
lats responded consistently to every presentation of the conditioned 
stimulus by an inspiration and squeal and showed no indications of 
extinction Rat A2 showed extinction only to the extent that the 
vocalized squeal dropped out, leaving the squeal pattern clearly 
visible at leduced amplitude in the breathing lecord We hesitate 
to draw any conclusions from the results of the extinction sessions, 
except to indicate that the breathing responses are very resistant to 
extinction, 

7 Importance op Other Factais. We may profitably devote a 
little attention to a number of other generalizations made in the first 
paper of this series to see to what extent they seem to hold for the 
present experiments These remarks will be grouped into one sec¬ 
tion since we do not wish to stress them They should be con¬ 
sidered as indications, rather than clear-cut conclusions 

a. Relative effectiveness of buzx and light. It was sug¬ 
gested in the first paper of this senes t‘hat the L was a less effective 
stimulus than B This was indicated by less frequent responses to 
the L before tiaining, slower conditioning to L, and more spread, or 
generalization, from Z, to B than in the opposite direction No one 
of these three criteria shows a consistent difference between B and L 
in the piesent experiments For example, the two rats conditioned 
to L developed inspirations and squeals more rapidly than did any 
other rats We would hesitate to generalize from the results of 
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these two animals and say that L was more effective than but we 
certainly have no Indication that the opposite was true. We believe 
that the increased effectiveness of the light during the present studies 
may be attributed to the substitution of the polished metal hood used 
as a head cover in the present experiments, instead of the dark 
velvet cloth cover used m the earliei ones. The shiny cover may 
well have increased the effectiveness of the light. 

b The importance of "tests/' In the first paper of this senes, 
some evidence was reported that a large number of unr^inforced 
test presentations of the conditioned stimulus letarded conditioning. 
This would, of course, involve partial extinction. In Experiment 
III tests were completely omitted. The two rats of this experiment 
conditioned rather poorly. But we are not justified in attributing 
the unusually poor level of conditiowmg obtained in this experiment 
to the omission of unreinforced piesentations of the conditioned 
stimulus, for a weak shock was used in training these animals. 
Razran (14) has pointed out that, m shock conditioning with human 
subjects, It is often necessary to omit the reinfoicing shock for a 
time to obtain satisfactory conditioning. With animals, however, 
a number of experimenters (22, 23, 5, 12) have been careful never 
to omit the reinforcing shock, depending on early iespouses to indicate 
the level of conditioning. To make anything like a significant study 
of the influence of test oresentations on the develonment of condi¬ 
tioning would involve another major investigation Every test pre¬ 
sentation means either an increase in the number of stimuli piesented 
during a session or a decrease m the number of reinforcements, and 
either of these changes might influence the rate of conditioning. 

At any rate, it seems likely, from our present results, that three 
or four unreinforced presentations of the conditioned stimulus, dis¬ 
tributed through each session, will not retard conditioning appreci¬ 
ably and will furnish extremely valuable data, not only in regard to 
the complete form of the conditioned response but also in regard to 
its incidence Early responses, as determined during double stimula¬ 
tion, furnish the most stable index of conditioning from a statistical 
viewpoint since the response to every double stimulation may be 
Considered, But when there is the possibility that the conditioned 
response will be obscured by the unconditioned one, it would seem 
advisable to present occasional tests. In the present experiments 
such tests often show a conditioned leg reaction that is too slow to 
appear as an early response. 
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Summary and Conclusions 

1. Each of 10 rats was restrained in a holder and subjected to 
fiom five to 20 conditioning sessions, or a total of 90-300 paired 
stimulations 

2 A barely threshold shodr to the foreleg resulted m slight 
charjges m the breathing rhythm. As the shock was increased in 
strength, the response became moie extensive, successively involving 
sharp inspirations, squealing, tail movements, leg withdrawals, and 
finally struggling. 

3 Repeated paired presentation of a buzz (or light) with the 
shock gradually established a conditioned response As the con¬ 
ditioned response incieased in.strength and stability, it resembled, 
in a roiigh ivay, the response to stronger and stronger shocks. Thus 
the shifts in bieathing ihythm appeared after a few stimulations 
Under favorable conditions the inspirations and squeals became 
stabilized after as few as 20 presentations. The most specific 
response, the foreleg withdrawal, was more lefractory to conditioning 
since it became reasonably stabilized m only one of the rats, re¬ 
quiring seven sessions, or a total of 100 paired stimulations. 

4 The inclusion of short-circuiting contacts so that the rat 
could prevent or terminate the shock by a leg withdrawal did not 
accelerate the conditioning process. The one rat that developed a 
stable withdrawal had been trained without the contacts. When 
they were added, the conditioned withdrawal suffered alternate 
"experimental extinction" and "reinforcement" rather than "stamp¬ 
ing in by success ’’ 

5 The influence of strength of shock, extinction, test presenta¬ 
tions of the conditioned stimulus, and the relative effectiveness of 
buzz and light are presented. 

6. The results of the present study substantiate those already 
reported for the tall withdrawal. 
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STUDIES ON THE VARIABILITY OF HANDWRITING. 
THE DEVELOPMENT OF WRITING SPEED AND 
POINT PRESSURE IN SCHOOL CHILDREN* 

From the Hungarian Institute for Handwriting Research 


Klara Goldzieher Roman 


It hns long been known that each handwriting shows mdividnal 
traits and that no two persons write an identical hand It is also 
well known that individual diftercnces are constant, so that each 
handwriting may be identified through its personal traits Graphol¬ 
ogy, or the science of handwriting, is based on this eKperience. 
Graphologists claim that writing vanes not only with the individual, 
but also within certain limits with the circumstances influencing the 
individual. The variations of handwriting, thus, express the traits 
of the writer's personality. Expressive characteristics of personality 
are interesting material not only for the graphologist, but for various 
other branches of applied psychology and medical science In the 
course of previous psychological and clinical investigations an endless 
variety of handwriting was analysed, without affording a solution 
of the problem of individual variability and personal consistency. 

There is but little information available as to the limits of vari¬ 
ability; we do not know what variables are consistent or frequent, 
and which are still normal or already abnormal. Each handwriting 
is derived from a model, namely, from the letter forms of the school 
notebook, and a certain amount of time has to elapse until this uni¬ 
form shape acquires at last some individuality. Hence the question 
arises* what influences bring about the changes during the develop¬ 
ment of handwriting? Does sex, age, physical and mental growth, 
or ill health affect the handwriting'? Has sexual maturation any 
demonstrable effect on the curve of writing development? 

The significance of these problems is both a theoretical and a prac¬ 
tical one They affect several branches of applied psychology such 
as: constitutional research, psychiatry, pedagogy, psychotechnics 
(ability tests), etc., in short, all endeavors in which writing, as a 

•Accepted for publication by Arnold Gesell of the Editorial Board and 
received in the Editorial Office, December 16, 1935 
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direct or indirect test or subsidiary means of testing, is an essential 
factor in obtaining standards. These problems are of utmost im¬ 
portance to graphology, whose main task, consideration of the in¬ 
dividual variability, demands interpretation in the light of objective 
research. 

Hence the importance of these questions for law and legal pro¬ 
cedure, since the testimony of the expert in court after examination 
of questioned documents uses the variability of handwriting (11) as 
a means for their identification. 

The magnitude of the problem compels me to limit the material 
for the present discussion. This paper deals with the measuring of 
(1) writing speed (time) and, (2) point pressure. 

I have constructed a speaal apparatus, the “graphodyn” to serve 
this purpose The “graphodyn” enables us to record tracings which 
illustrate (1) the time required for writing, and (2) the degree of 
pressure exerted on the point of the stylus, 

The data for our investigations were obtained by measuring school¬ 
boys and schoolgirls from II to 18 years of age. (Children over the 
age of 10 years and 6 months count as 11; over the age of 11 years 
and 6 months as 12, etc.) 

On this basis, these examinations were made to answer the ques¬ 
tion; what is the meaning of the curve obtained at various stages 
and at puberty, and what differences are observed between normal 
and abnormal individuals 

My observations are based upon repeated measurements made over 
a number of years continued since 1931. Most of the tests were 
performed at the Berzsenyi Daniel High School of Budapest, in 
which the Hungarian Institute for Handwriting Research is lo¬ 
cated. Our curves record the growth in writing speed and pressure 
of the individual children over a period of years. Similar ex¬ 
periments were made also with homogeneous groups of school¬ 
boys and schoolgirls from other schools. As the latter have been 
measured in single sessions only, the averages for the different years 
were not made up always from the same children But a comparison 
of our mass statistics with the individual curves confirms their re¬ 
liability 

2145 children were tested separately according to age and sex, as 
summarized m Table 1. Obviously ill or abnormal individuals were 
not included, hence the investigated material can be considered as 
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Table 1 

SBX m AGE DISTRIBUTION 


AGE 

d 

9 

TOTAL 

M YEARS 

446 

426 

2A3 

42 

424 

424 

245 

43 » 

4 33 

440 

273 

44 '* 

433 

445 

278 

45 11 

448 

4 27 

245 

46 « 

447 

44 0 

26B 

47 1. 

4 37 

440 

277 

48 » 

483 

436 

349 

TOTAL 

4090 

4 0 55 

2446 


normal as far as looks, perception, and social behavior are concerned. 

All the tests were made under practically identical conditions, al¬ 
ways by the same, well-trained persons under my personal super¬ 
vision. The data obtained were checked by previous experiences 
and the reliability of unexpected deviations was controlled by re¬ 
peated measurements. 

The graphodyn (14), the instrument we employ for measuring, 
carries a stylus slightly heavier than a fountain pen Anybody can 
write with it in his ordinary way. The apparatus is worked with a 
lever, the writing lead at its shorter end while its longer end is fixed 
to a small tambour. During the actual process of writing, the actual 
point pressure affects the air-filled tambour. The latter is connected 
through an air system with the registering kymograph on which 
graphic records are obtained. The rubber membrane of the tambour, 
though exceedingly sensitive, may be used for several days’ tests. As 
a standard article, it can be easily replaced m case of a leak. Minor 
inaccuracies due to external arcumstances (such as air pressure, etc.) 
are negligible in our experience Application of weights to the ap- 
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paratus, increasing from 20 grams to 1600 grams, did not materially 
change the results of the tests within the limits of permissible in¬ 
accuracy (0.1) 

Registration of our tests was standardized, so that 200 grams of 
pressure on the stylus were recorded by a rise of one millimeter, while 
the peripheral speed of the kymograph corresponded to 10 milli¬ 
meters running length per second 

The person subjected to the test was instructed to write at his 
most convenient speed and pressure, his first and last name, then twice 
the name of his domicWe (Budapest) and to finish with the same, 
well-known patriotic slogan. We found the use of the word “Buda¬ 
pest” most practicable, for it could be perceived by everyone with the 
same ease and thus be considered as a standard word in making 
evaluations (Figure 1). 


^ram 

‘iO 

r 


1 _ 

n 

< 

i i > ♦ . 

LT 

r 


FIGURE 1 

GaApHODYN 'I'racing of the Word “nuDAPEsr” 

(Enlarged) Time in seconds Point pressure in giama, 

The recording needle, raised by any change of pressure, traces a 
continuous curve on the moving band of the kymograph as an illus¬ 
tration of the writing process. There are extraoidinary individual 
differences in height and length, general form and regularity of these 
tracings. The various peaks, the differentiation and order of periods, 
precisely determine the points at which change of speed and pressure 
takes place Analysis of the tracings shows the time required for the 
writing, expressed in the values of the abscissa, while the values of 
the ordinates represent the point pressure. On the time axis one 
millimeter corresponds to one second; on the pressure axis one milli¬ 
meter to 200 grams. The measuring of the axis is done by means 
of a magnifying lens, up to O.l millimeter exactitude. The highest 
peak on the tracing indicates the maximum pressure TJie average 
pressure is determined by measuring the height of all peaks and by 
dividing their sum total bv the number of peaks measured After 
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obtaining these measurements, we computed the average, the standard 
deviation, the coefficient of variation, and the piobable error for each 
scries. Space does not permit reproduction of our entire material, 
which is kept for reference in the files of the Hungarian Handwrit¬ 
ing Research Institute 

Generai. Results 

Distribution and Norms. The examination of writing speed and 
point pressure in Hungarian sclioolboys and schoolgirls was carried 
out in separate series for both sexes and every year of age from 11 
to 18. The distance of the unit of standard deviation (sigma) was 
laid off twice on each side of the arithmetic mean (M). Approxi¬ 
mately 95,5 per cent of all the cases were found within this range 
This normal distribution dhectly determines also tlie normal zone, 
which, calculated in sigma scores is marked M == 2(t. The ma¬ 
jority of cases (95 per cent) falls widiin the normal zone, these are 
the normal cases. Approximately 4.5 per cent of the observations arc 
found toward both ends of the range these are the extreme cases 

In T.ibles 2a and 2b the percentages are presented Nearly two- 


Table s/a. 


PERCEMUGE PARTITITIQW THROUGHOUT THE WQRMM ZOWE 
QASEP DM STANbARb bEVlATIOKI. 

SPEEb 
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Table Zjs. 

PERCEHTA6E PARTITITION THROUBHCUT THE NORMAL ZONE 
BASEI^ ON STAHE»ARb DEVIATtON. 

POlWT PRESSURE 



■1 

■■ 

NORMAL ZOHE 



AGE 


BORbER 

♦ tf i 1 -v 

AVERA&E 

-Zti 

BORDER 

POORPRESSUReI 


B 



9 

B 

B 

<f\ 

9 


9 


IQQ 

5 6 


12*0 

65 0 

72-0 

47-4 

40 4 

- 

- 


d 

QQ 

11*5 

10-5 

6V6 

75‘4 

18-9 

S-8 


- 

n 

3‘8 

IS 

13‘7 

(5-7 

64'1 

64-4 

48-4 

18-6 

_ 

- 


6<1 

m 

11‘4 

12-9 

68-9 

66-4 

13-6 

ia-8 

- 

- 


5'8 

EQ 

16 7 

14-e 


67-5 

17-5 

46*7 

- 

- 

16 


£•8 

8'3 

13-9 

71-4 

63 9 

42'3 

49-4 

EQ 


17 


IW 

JO-5 

J£‘5 

64-2 

65-4 

20-4 

17-7 


- 

IB 

IQI 


13'6 

43-7 


69-5 

47-5 

12*9 

- 

- 


thirds of the cases are grouped near to the mean and represent the 
average (M-=*lcr). The remaining third is grouped about the 
peripheries of the normal zone (M =2tr) and represents the border 
line cases. Among these, as to writing speed, the slow variations are 
much more frequent, and as to pressure, the heavy variations Ex¬ 
treme cases are rare; their tendency is toward slow speed and heavy 
pressure 

Table 4 shows the frequency curves for speed and pressure, one 
curve for each year of age from 11 to IR 

Speed 

1. VariabiUty. The range of the series is wide and varies with 
age It is widest at the age of 11 with a decrease m each subsequent 
year. Variability, as a general rule, is less in girls than in boys up 
to the age of 18, when the ranges tend to become equal. After the 
age of 14 years the minima (greatest speed) were recorded with girls 
while the boys reached their maxima of slowness 

2. Coefftcient of Variation. As shown in Table 3n, the figure of 
relative variation with boys is about 24-17, and with girls about 
22-17. 







































































KLARA GOLDZIEHER ROMAN 


145 


TabU J/A. 

v = -^^oo 


Titne 

AGE 

c? 

9 

U YEARS 

22-5 

22'4 

-12 „ 

47*8 

47*4 

M » 

224 

45*0 

44 M 

24-0 

49-3 

45 M 

49-5 

48*4 

46 M 

48-9 

46*9 

47 » 

46 9 

48*5 

43 It 

48-2 

20-8 


3 Changes of the Averages with Age Both sexes show the high¬ 
est arithmetic means at the age of 11, after which a gradual decrease 
of the means is recorded with the annual development of writing 
speed. The most significant change occurs from the age of 11 to 14. 


Table 5/B. 


Pressure 

AGE 

d 

9 

44 YEARS 

42 3 

48*0 

4 2 

35 7 

42 5 

43 „ 

40*0 

3V7 

44 It 

42*2 

43'6 

45 .1 

38*3 

57*2 

4 6 .. 

37'9 

35 3 

47 .1 

36*2 

37*7 

4 8 1. 

34-4 

34*3 
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Table a/B. 

PERCENTAGE PARTITlTlON THROUGHOUT THE MORMAL ZOWE 
BASEO ON STANDARC* fcEVIATION. 

POINT PRESSURE 


ss 


B| 




AGE 

imi 

fiORbER 







<? 

? 


$ 

d 

$ 

d* 


7^ 


5 6 

<2'6 

iS'O 


72-0 

47-4 

40-4 

- 

- 

n 


EB 

H‘5 

10 5 

6V-G 

75'4 

48'9 

6-8 

- 


u 

3‘6 

KB 

13-7 

45 7 

6A 4 

&4'4 

48-4 

48-6 

- 

- 

H 


IB 


12-9 

66-9 

66-4 

43-6 

42 8 

- 

- 

u 

5-e 

RQ 

<6-7 

4^-6 

iCTI 

67 5 

17-5 

4G 7 

- 

- 

16 

m 

£•8 

8-3 

43-0 

74*1 

63-9 

42-3 

49-4 

2-4 

- 


QQ 

RH 

JO-5 

42-5 

64*2 

65-4 

ao-4 

47-7 

- 

- 

18 

ES 

3-1 

13'6 

«*7 

bR 

63-5 

47-5 

1 

42-9 

1 

_ 



thir^Js of the cases are grouped near to tlic mcai^ and represent tJ)e 
average (M^ltr). The remaining third is grouped about tiie 
peripheries of the normal zone (M = 20 -) and represents the border 
line cases, Among these, as to writing speed, the slow variations arc 
much more frequent, and as to pressure, the heavy variations. Ex¬ 
treme cases are rare; their tendency is toward slow speed and heavy 
pressure. 

Table 4 shows the frequency curves for speed and pressure, one 
curve for each year of age from 11 to 18. 

Spbbd 

1 Variability, The range of the series is wide and varies witli 
age It is widest at the age of 11 with a dccicase in each subsequent 
year. Variability, as a general rule, is less in girls tlian in boys up 
to the age of 18, when the ranges tend to become equal. Aftci the 
age of 14 years the minima (greatest speed) were iccordccl with girls 
while the boys reached their maxima of slowness. 

2. Coefficient of Variation. As shown in Tabic 3rt, tlic figure of 
relative variation with boys is about 24-17, and with girls about 
22-17. 
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Tabu 3/A. 


Time 

AGE ' 

6 

9 

KK YEARS 

22-5 

22‘4 

M » 

47-8 

47*4 

43 M 

22 4 

45-0 

4 4 tt 

24-0 

49-3 

45 » 

49*5 

48*4 

46 .r 

48*8 

48-9 

47 »» 

48*9 

48*5 

48 » 

A6‘2 

20*8 


3 Changes of the Averages with Age Both sexes show the high¬ 
est aiithmetic means at the age of 11, after which a gradual decrease 
of the means is recoided with the annual development of writing 
speed. The most significant change occuis from the age of 11 to 14. 




Pressure 

AGE 

6 

2 

44 YEARS 

42*9 

48-0 

42 « 

35 7 

42* 5 

43 » 

40-0 

34'7 

44 »» 

42 2 

43'6 

45 .. 

58*3 

37 2 


37'9 

35 3 

47 » 

36*2 

37-7 

48 » 

34*4 

34*3 
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Speed increases more slowly after this period than in previous years; 
on the average, about 40 4 per cent with boys and 47.9 per cent with 
girls. There is a slowing down of this progress at about the age 
of 15. From 16 to 18 the speed again tends to increase slightly; 
about 14 per cent with boys and 9 1 per cent with girls (Table So-). 

The frequency curves at the age of 14 and even more so at the 
age of 11 exhibit two maxima, from which we infer that children 
at this age do not constitute a homogeneous group. A study of the 
individual curves shows that cases of infantilism at the age of 11 and 
cases of retarded pubescence at the age of 14 distiiib the homogeneity 
of these groups. 

4 Development. The rectilinear course of devclopincnfc runs up¬ 
ward with incre.is/ng years At the age of about 13-14 all technical 
difficulties of writing are overcome; writing has become a welUcon- 
trolled activity, and speed can now develop freely The specific 
writing speed (8) corresponding to the quick or slow character of the 
personal speed becomes now constant Disregarding certain fluctua¬ 
tions at the period of pubeity* the writing speed hardly changes dur¬ 
ing tlic following yeais. Then at 14, the average boy has reached 
almost 85,4 per cent and the giil 99 1 per cent of the writing speed 
tliey will display at the age of 18. 

5. Sex The writing speed of boys and girls ts about equal at the 
age of 11. During the following two years the average girl writes 
quicker tlian the average boy, but the difference is indefinite. At 14, 
however, the writing speed of the boys is always inferior to that of 
the girls (8), since the difference of their means is more than three 
times the probable erroi. Thereafter the difference in speed between 
the two sexes is gradually decicasing (Table 5n) Equality is reached 
at about the age of 18 Individual studies reveal that the maximum 
spurt in the development of speed docs not always occur at the same 
age, It sets m most commonly around the age of 13 with girls and 
14 with boys The precocity of girls in attaining a mature writing 
speed seems to be established. It is a fact that puberty gives a spe¬ 
cial impetus to writing speed, while further development of speed 
terminates with sexual maturation. 

6 Normals The majority (nvo-thirds) of our material can be 
classed as the average normal. The bordcr-hne and extreme cases 
were subjects of special investigations We found no reason to as- 
sutne that departure from the average in the direction of quick 



Distribution of writing speed and point pressnre; one curve for each jear 

from 11 to IS 
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speed e>:presse8 mental alertness or piecocious development. Some of 
the extreme cases, however, gave evidence of endocrine disorders, 
such as hyperthyroidism Deviation towards slowness on the other 
hand, seems to be characteristic of mental sluggishness—or general 
retardation The extreme cases of slow speed were found to indicate 
thyroid failure or some major disorder of mental or physical develop 
ment. 

Point Pressure 

1, Variability, The range of the series is wide and varies with 
age It IS widest at the age of 11, gradually decreasing thereafter. 
It IS a geneial rule that the range of vailabllity is less in girls than 
in boys, except for the youngest gioup of 11 years of age (11), 
when no difterences whatever were found 

Fiom 12 years on the maxima are always reached by boys, and the 
minima by girls, except for the age groups of 15 and 17, when the 
boys show the poorest pressure (50 grams) 



2 Coefjicmii of Vanatton. According to Table Zh, the figures 
of relative variation range from 42 9 to 34.1 with boys and from 48 
to 34.5 with girls. 

3. Changes of the Average with Age Both sexes reach their high¬ 
est arithmetic mean at the age of 11 years; at 12 years comes a strik¬ 
ing decline, 21 5 per cent with average boys and 48.6 per cent with 
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girls. This stage is followed bjr a rise m pressure until the latter be¬ 
comes steady at the age of 13, and with boys, the same average height 
IS reached at tliat age as found m boys of 18. With girls the average 
height obtained remains unchanged only for a few years. Then a 
new rise sets in until the maximum pressure is reached at the age of 
18 (Table 5b) 



A less hatmonious distribution than during other years accounts 
for the extreme values and the giouping of the cuives of boys at 16 
and 17, and of girls at 14, while writing pressure shows a definite 
tendency to fall below the normal average 
4 Development. In the course of development, fluctuations and 
a tendency to decreased pressure is noted The technical difficulties 
of writing are solved at or about the age of 13, hence the general 
muscular tension of the individual manifests itself as the specific 
writing pressure. It is significant that the average writing pressure 
of a boy of 13 is approximately the same as that of a boy of 18, con¬ 
sequently the writing piessuic is not likely to be due to the raw 
muscular force of the hand, but is dependent on the general muscular 
tension (4). 

A most remarkable break in the course of development occurs with 
boys at the age of 16 and 17, and with girls, though less pronounced, 
at 14. It is a remarkable and hitherto overlooked fact that in these 
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stages A marked tendency arises toward poor pressure. This phen¬ 
omenon IS of especial importance, and deserves further studies. 

5. Sex. There is no difference m writing pressure between boys 
and girls at the age of 11. In the following years (12-14), how¬ 
ever, the girls’ writing pressure is less than the boys’ The difference 
in the mean is more than three times the probable error. The diff¬ 
erence decreases slightly at the age of 15, increases again at 16 and 
17, and ceases to be significant at 18, when neither writing speed 
nor pressure shows any difference in the two sexes. 

The age of 13 is the turning point with the aveiage boy; pressure 
becomes stabilized at the same level that is characteristic for boys of 
18 In the postpubertal stage, however, pressure suddenly tends to 
fall below this level. There is a mmimum at about 16 or 17 years, 
followed by a sudden return to the higher level. 

The growth of writing pressure in girls is not terminated at 13. 
After a temporary pause, the inciease continues up to the age of 18 It 
seems that boys precede girls in attaining the mature writing pres¬ 
sure, while the giils lead in speed, as stated above 

6. Nonns. About two-thuds of all the recoids approach the aver¬ 
age A study of the bordcr-lme and extreme cases sliows that pres¬ 
sure depends on the amount of “effoit” spent in writing (4) Pies- 
sure IS increased by a lack of manual skill, exeition to overcome physi¬ 
cal or mental handicaps, or by exccsswe excitability. 

Heavy pressure makes coordination more difficult and slows down 
writing speed The heaviest piessure, combined with slowness, was 
observed in problem children, masked stutterers, and in cases of in¬ 
fantilism. Efficiency of wnting is generally favored by low pressure 
(4), as seen in fast, mentally alert writers or in hyperactive, easily 
tiring individuals 

We could hardly record any cases of extiemely poor pressure 
among the normal group of schoolboys and schoolgirls Out of 2000 
children tested, only an insignificant number of boys 17 years of age 
had an abnormally low pressure 

Individual Cases 

This study attempts to appioach our problems by statistical meth¬ 
ods. It might not be amiss to supplement these data with some in¬ 
dividual cases that show how the development of their writing is in 
accord with the above presented mass statistics 
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FIGURE 2 

Graphodyn tracings of the %Tord "Budapest" The tracings show the annual 
decrease in the running length (mcrement of speed)^ and annua] decrease 
of height (decrease of pressure). 

Figure 2 reproduces four original graphodyn tracings. These rec¬ 
ords were taken at various times of a boy from 11 to 14 years of age. 
Height and length of these tracings are quite different. Their run¬ 
ning length diminishes from year to year and their height also shows 
a gradual decrease, expressing the changes in writing speed and point 
piessure The measured values, running fairly close to average for 
the respective age groups, demonstrate the annual decrease of time, 
i.e., increase of speed, and the decrease of pressure. 

Table 6 represents the development in point pressure of three boys 
between the ages of 15 and 18 The writing pressure is breaking 
down abruptly in the course of one year. The age at which this 
breakdown occurs varies, according to our studies, between 16 and 
18 years and characterizes the postpubertal stage. Writing pressure 
rises again with almost explosive velocitj' after tliat critical penod 
and becomes stabilized at the average level. 

Discussion 

Our investigations have established standard values of writing 
speed and point pressure which can be utilized as an index of matura- 
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TABLE 6 

Development Curvh3 for Point Pressure 



yeors IE 46 47 48 


tion and mental growth. In order to prove the practical value of 
these standards, I wish to report our experiences in the study of ab¬ 
normal children. This control group consUts of 600 individuals and 
includes 100 stutterers, 43 deaf mutes, 46 backward children from 
an ungraded school, and 77 juvenile delinquents committed to a cor¬ 
rective institution These studies, especially with reference to speech 
defects, have been pieviously reported on in great detail (6, 7, 13, 14). 
Tables 7a and 7b show the piecentages of abnormal subjects m nor- 
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Table Vll/A. abnormal groups 
SPEE h 




NORMAL ZONE 


QUICK 

BORfeER 

AVERA.0E 

• It 
BORDER 

SLOW 

STUTTERER 

Z 0 

AZ 0 

58-0 

47 0 

47 0 

AHG SEAF MUTE 

6*9 

46 Z 

34 7 

9 2 

33-0 

^ BACKWARCb 

- 

Z Z 

A A 

23 9 

6S-5 

J OUVEMlte 
® DEUNQUENT 

A 3 

- 

28 6 

49 4 

50*7 
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Tabic V1 i/b. 


PERCEHTA'CE PARTITlTiOM OF 
ABMORMAL GROUPS 
POWT PRESSURE 


d STUTTERER 
AMIi tEAF MUTE 
9 BACKWARD 

^ oiit/ENii.e 
° tiEllf^aUENT 



NORMAlIOME. 


HEAVY 

BORbEn 

77'' r 
AVEnUlE 

BoabER 

POOR 

24 0 

46-0 

450 

47 0 

- 

H 2 

l\ 0 

4b-6 

hb ^ 

- 

^5-2 

2<l-7 

26 4 

34 8 

E e 

4-3 

- 

4C7 

45 4- 

44-6 


inal and abnoimal classes. A refeience to Table 2, in which the per¬ 
centages of noimal subjects a:e indicated, will show (Tables 7a and 
7/f) the diifcrence. 

Siuiiete/s. Investigating a group of 100 stutterers, 85 mentally 
normal bovs, and 15 girls of 11 to 18 yeais of age, we find that their 
percentages throughout the normal zone are different from the nor¬ 
mal group Extreme cases arc numerous 19 per cent in speed and 
2+ per cent in pressure. Of the remaining normal cases compaia- 
tively few represent the average, 50 per cent in speed and even less 
in pressure. 

Our tests have shown tn this group a prevalence of the same char¬ 
acteristics. poor performance, heavy pressure, retarded speed Stut¬ 
terers whose speech defect was serious showed, in confoimity to then 
general motor behavior (7, 15, 16), unusually heavy point pressure, 
while their speed was slow and irregular. In less serious cases, where 
the person was able to converse fairly fluently, the pressure was 
lower After correction (13, 15) of the speech defect, pressure re¬ 
laxes, usually approaching the average Blunderers, on the other 
liaiid, write very fast with poor pressure 

Deaf-tmites In a group of deaf-mutes (21 boys and 22 girls) be¬ 
tween the ages oi \\ and 14 by far more numerous extreme cases 
were found. 40 per cent in speed and 16 2 per cent in pressure. The 
frequency of average cases is less than among normal children • only 
24.7 per cent in speed and 46.7 per cent in pressure. 

While the majority of deaf-mutes write rather slowly, some ex¬ 
treme cases were observed (7 per cent) who wrote much quicker 
than normal children of the same age. The high writing speed ol 
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these deaf-mutes does not further develop, but declines in the follow¬ 
ing years, with increasing intelligence their physio-psychological de¬ 
fect develops into a greater handicap The distribution of the fre¬ 
quency curve shows that the quick and slow elements form two en¬ 
tirely separate groups, pioving their heteiogeneous character 

Juvenile Delinquents A group of 77 girls 14 to 18 years of age 
committed to a corrective institution shows an especially mteiesting 
distribution. There ate less average cases in this group than among 
normals 28 6 per cent in speed and 41 7 per cent in pressure. The 
other cases tend toward slow speed and poor pressure Kxtreme 
cases are very numerous. 

Extreme sluggishness of writing speed was observed in 50 7 per 
cent This is well in accord with the mental acuity level of 
this group which is considerably below the average. There was re¬ 
tardation of pubescence as well as of mentality in quite a few cases 
(12, 16, 20). In regard to pressuie, the following difference was 
noted between the normal and the delinquent girls • in the delin¬ 
quents, poor piessure was found m 11 6 per cent while out of 1000 
normal girls not a single case of poor pressure was recorded In 
addition, there were 45.4 per cent border-line cases of low pres¬ 
sure. This compares with the 14 per cent boider-line cases in our 
normal controls, while poor piessure was never observed in our 
control group of 1000 girls. Hence the conclusvon vs justified that 
lack of normal piessure is characteristic of the delinquent girls. 
To check up on our data, we subsequently investigated the inmates 
of other conective institutions and found there even more extreme 
cases of poor pressure. 

Only one girl showed extremely high pressure, she proved to be a 
highly excitable psychopathic person Attention was paid to the 
type of these girls also from a social point of view It was noted 
that poor pressure (4, 20), denoting lack of moiale and will-power, 
was especially characteiistic for those giils who were committed for 
"sexual offenses " The same applies also to the "aggressive” group, 
including girls witliout poise and balance who are in continuous 
conflict with the accepted rules of conduct (4), This group included 
many psychoneurotic, hysterical, or hypogonadal individuals. 

Finally the ambiabnorraal cases should be mentioned, in which 
.both speed and pressure are extieme These subjects are not amen 
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able to adjustment with much success Prognosis is especially un¬ 
favorable if sluggishness is combined with extremely poor pressure. 
This combination is rather paradoxicalj as slower writing is gen¬ 
erally correlated with heavy pressure. 

Backward Children Forty-six children of an ungraded school, 
whose ages varied from II to 17, piesentcd the most obvious depar¬ 
ture from the normal (14). Only a few cases (4 per cent) have 
reached the average, while the vast majority falls outside the normal 
zone. As to speed, we notice 70 per cent to be extremely sluggish, 
and all the border-line cases except one show slow speed. The pres¬ 
sure in 16 2 per cent of the extreme cases was heavy; this includes 
numerous border-line cases. The fact that physical stiength has 
no bearing on wilting pressure is borne out again by these backward 
children wlio, poor m health and with weak muscles and under¬ 
developed carpal bones, write with extremely heavy pressure. Only 
two children of the whole group showed normal average performance, 
both as to speed and pressure One of these two was actually men¬ 
tally normal, and his progress had been retarded only by some 
physical handicaps. 

Clinical Cases 

Tile reported studies demonstrate that variations of writing speed 
and point pressure arc associated with age, sex, development, matura¬ 
tion, and other expressive personal traits. If this be so, the question 
arises whether writing speed and piessure are purely quantitative 
factors which have to be recorded by a mechanical instrument and 
expressed by mathematical figures, or whether they can also be 
considered as qualitative characteristics, apparent from the ordinary 
handwriting This question can best be answered by citing con¬ 
crete examples. 

I present, therefore, two clinical casw^ in which marked changes 
of writing coincided with the onset of puberty. 

Case I. N.E., 12 years and 6 months of age Clinical diagnosis* 
adiposo-genital dystrophy. Patient’s script before treatment (Fig¬ 
ure 3a) is neat, sticks to the letter foims of school penmanship. An 
observer, trained in the estimation of writing speed, easily recog¬ 
nizes the extreme slowness of his performance The whole motion 

am obUged for the case records to M A. Goldzieher, M,D , of New 
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FIGURE 3rt 

IlanchMJting of patient I bcfoic treatment Retaulccl piibcity Childish 

sciipt 

IS slow, and slows down even moie tow’aid the end of each word, 
to stop completely upon the teimmation of each wotd impulse Wilt¬ 
ing piessine seems to be heavy, though within the limits of the boi- 
(jcr-linc zone All told, the wiiting beais tlie chaiactciistics of the 
school child’s hand, the mental eftoit concentxnting on penmansliip 
lathcr than on the subject mattei 



FIGURE lb 

Hanchyriling of paiient I six weeks latti Onset of normal sexual develop¬ 
ment, script mole matiiie, typical of puberty. 


Figuic 36 shows the patient’s wilting aftci 6 weeks of pituitaiy 
oiganothciajiv Tiicie was a weight loss of 17 pounds during this 
period, with rapid development of the genitalui and tlie appeaiance 
of pubic liair. Without going into details of liandwiIting analysis, 
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\vc may emimciatc the following chaiacteiistics the writer is driv¬ 
ing Ills pen at fufi speed, WJt/i the cbythaac alteinatians of medium 
piessuic, he wiites with maifced "sentence impulse", he overcomes 
the compulsions of the notebook, omits details, leaves loops un¬ 
finished, 01 cvaggeiates then size, the pattcin of handwriting, its 
total giaphic chaiactei is changed, it is no longei a neat, c.iiefiil, 
infantile handwiiting, but a caieless longhand, penned with the un¬ 
balanced wilting motions of the youogstei who "luns wild” at the 
stage of piibeity 

2 SK, hov, 13 Years of age, left handed and stutteis 
Cluneal diagnosis: "adiposo-genital dystiophy” Figure d-rt shows the 


fl 'V<(l ' n 

J ,t ^<tuv a 

rfJs-fjCy - twi-u-C* I? ■ 'f 

‘^ M<■ ^'if'C J 


? ll^' &7i^^0-C.A'- <M«// )tt'OiHl 
•■if! / 'le* u\i«L, 


'It. ( 
t: 


FJOrRE +/I 

Handwriting of patient TI before tieatmcnt Rclaidcd pubeity, left-linndcd 
stutterer Childish script showing lack of cooidination chaiactcnstic of 

stutteiers 

jerky, inhibited sciipt of a stuttering child In spite of its obvious 
abnormalities, and the lack of cooidination, it is, as a wliolc, childish 
and conventional, Administiation of pituitaiy oiganotheiapv w<is 
followed by maikcd development of the genital oigans and signs 
of pubescence such ns the beginning giowth of pubic hair At 
the same time the script (Figure ^b) becomes disordeily, "muddy,” 
and confused As his manual skill did not imptovc, he has tiouble 
in keeping up the incteascd wiitmg speed Instead of his picviously 
delibeiatcly contiollcd slow movements, he wiites with a jeiky hand 
and reveals the dilTiculties he has to ovcicome with eacli woid whicli 
he starts to put on papei The pattcin of the sciipt indicates a lack 
of balance chaiacteiistii of the emotional instability of puheilv 
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FIGURE 4i 

Hanclwiiting of patient II in the couise of tieatment Onset of piibeity, 
script moie mature, lack of balance expicssing etnotionnl lahilitv of puberty 


Summary 

A siuvev of the valuations in wiitinp; speed and point ptcssuie m 
2145 Hungarian school childien of 11 to 18 yeais of age is pie- 
sented The data weie obtained by meabuiements with the giaph- 
odyn, and evaluated by statistical methods These statistics offei 
detailed mfoimation about the vaiiability of wilting speed and point 
pressuic in the different ages, and establish tlie occurrence of an¬ 
nual changes, and the eftect of pubeity upon the development of 
wilting 

These mass statistics aie supplemented with individual case lec- 
Olds, which, loiiglily, lun paiallcl with the aveiage normal 
A noiinal zone is asceitamcd with special emphasis, as this enables 
us now to distinguish abnoimal vaiiations 
A gioup of abnoimal childien. 100 stutteieis, 43 deaf-mutes, 77 
juvenile delinquents, and 46 backwaid childien, has been investi¬ 
gated. The variations obseivcd aic in accoi dance with the <ib- 
noimallty of these childien The quantitative factois of wilting 
speed have, theiefore, become signific<ant in the study of children 
Two clinical cases of letaided pubeity «iie repoited Comparison 
of the hanJwiiting befoic and after medical tieatment gives evidence 
that the onset of sexual development is accompanied by cooidmatc 
deviations in the cuivc of wilting development 

Vaiiations of writing speed and piessure aie quantitative and 
qualitative tiaits associated with, and related to, peisonality 
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the role of dominance in the social and 
SEXUAL BEHAVIOR OF INFRA-HUMAN PRI¬ 
MATES* IV THE DETERMINATION OF 
HIERARCHY IN PAIRS AND IN A 
GROUP*^ 

From ibe Utit<verstly of IVisconsin Prmifite Labotatory 

A H. Maslow 


I Introduction 

The purpose of this paper is fouifold (1) to check previous 
experiments repoitcd m this senes of papeis (1, 5) using better 
controls, (2) to determine a hieiaichy of dominance by inteipair- 
tng all the animals of a gioup, (3) to compare the behavioi of 
these paired animals with the behavior of the same animals m 
larger gioups, and (4) to make a pidimlnaiy exploration-study of 
the effect of starvation on dominance behavior. 

II Animals, Technique, Apparatus, Procedure 

1. Anitnals Six rhesus macaques were used in this experiment, 
of which one died aftei the second senes of interpairmgs Weight, 
size, and sex of the animals aie given in Table 1 These animals 
are as closely matched as is usually possible when they are obtained 
from a dealer They are all of the same species and approximately 
of the same weight® and age It was impossible to get six animals 
of tlie same sex, although this had been desired A few of the per¬ 
tinent facts about each animal will now be summarized 

The importance of such an individual consideration will be pointed 
out below. They will be discussed in the ordei of their dominance 
in the pairings, the most dominant animal being described fiist, and 
so on. 


♦Accepted for pviblication by Call Muichison of the Editorial Board 
and received in the Editorial Office, December 20, 1935 
*I wish here to express my thanks to Miss Kathryn Steiner and Miss 
Naomi Bernstein for their help in handling the qnimnls, feeding them, etc, 
during the first half of the expeiimcnt 

will be demonstrated below that closer similarity in weight would 
have been desirable 


161 



162 


JOURNAL OF GENETIC PSYCHOLOGY 


a. Blue. Male. The biggest and heaviest animal of the six.. 
Paired twice before he died and completely dominant in both pair¬ 
ings. 

b. TVlntey Male Subordinate to Blue, not certainly domi¬ 
nant over Naomi, and certainly dominant over Christy, Red, and 
Kathryn, although not very positively. Relatively lacking in domi¬ 
nance expression, generally dominance was given to him rather than 
being asserted by him. Relatively afraid of and disturbed by the 
experimental situation Very quiet animal and did not resent over¬ 
much (in his behavior), attempts by his subordinate partners to 
behave in a dominant fashion. Not very strongly driven by hunger 
except in spuits. Not strongly driven to sex behavior even when 
completely dominant (as m pairing with Kathiyn). Completely 
and abjectly suboidmatc to Blue in their pairing The general im¬ 
pression IS of an animal with a not very strong dominance drive, 
who is quite ready to take up subordinate role at any time, but 
who IS given dominance status because his superior size makes his 
partners even more subordinate in their behavior 

c. Naornt. A female who reached puberty during the course 
of the experiments. Unfortunately the services of an endocrinologist 
were not avail.able and we have, therefore, no concomitant data on 
her sexual cycle. While we attempted to determine when she was 
in heat by the state of her sexual skin, breasts, etc, we were not 
expert enough to do this m any trustworthy fashion. Her heat 
periods must then be tieated as an attenuating factor m our correla¬ 
tions There is no doubt that she behaved diffeiently at different 
times (behaving like the typical female m heat) but we were not 
able to demarcate these periods at all clearly. Her diive to- 
dominance seemed faiily strong In the pairing with Whitey her 
urge to dominance was obvious. She was leady to take up this 
status at any and all tiroes Since Whitcy was not a “dominance- 
expressive” animal, she was able to do this often. Her appetite 
for food seemed to fluctuate considerably. It will be noticed that 
she presented frequently in the paiiing with Red even though she 
was completely dominant. She seemed to be m heat during the 
first five or six periods, and most of these presentations came at this 
time. 

d Red. Male Dominant over Christy and Kathryn, sub¬ 
ordinate to Blue, Whitey, and Naomi. An average animal, com- 
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TABLE 1* 


Animals Names, Sex, Weight, and Classification 



Names 

Sex 

Weight 3/17/35 

Species 

1 

Blue 

Male 

8' IS" 

Macacus rhesus 

2. 

Whitey 

Male 

8' 10" 

“ “ 

3 

Naomi 

Female 

6' 10" 

“ “ 

4 

Red 

Male 

6' 11" 

(( C( 

5 

Christy 

Male 

6' 5" 

<< fc 

6 

Kathryn 

Female 

5' 4-" 



•Animals aie arranged in descending older of dominance. Blue was 
most dominant, Kathryn was least dominant 


pletely dominant when dominant and completely subordinate when 
dominated When paired with overlord low in dominance ex¬ 
pressiveness (Whitey), typically showed dominance behavior when¬ 
ever this was made possible by Whitey’s toleiance. 

e. Chrtsiy Male Dominant over Kathryn, and subordinate 
to all the others. Dominance over Kathryn only fairly complete 
Never completely subordinated; showed some dominance behavior m 
all of his pairings, even when in subordinate status 

/ Kathryn A female, the youngest and smallest of the six 
animals. Very stiong diive to dominance, although, because of size, 
had to occupy suboidinate status in all her pairings. May be ex¬ 
pressed by saying that she seemed to expect suboidinate status and 
accepted it as a matter of couise, but nevei let it hold her down 
completely. Very active animal, most active animal of the six. Very 
playful and very hard to suppiess in her boisterousness Also 
seemed to be hungrier than other animals 

2. Housing and Care The housing and care of these animals 
differ in no essential respect from those described in the second paper 
in this seiies (2) Reference should be made to that paper for 
details. Tlie animals were isolated in their individual living cages 
at all times except during experimental observations 

3, Apparatus and Piocedure. The appaiatus used in this ex¬ 
periment was piactically the same as that used m the previous ex¬ 
periment. The animals, as befoie, weie tamed prior to the begin¬ 
ning of the experiment so that they could be led on a chain from 
their living cages to the expeiimental chamber without emotional 
upset. In this ciiambci, they weie introduced to their partners, 
and it was in this experimental chamber that all social contacts took. 
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place Observations were made from behind a one-way scieen. T'he 
dimensions of this cage were 36 in x 36 in. x 40 in. It was set 
on a linoleum flooring which was covered with shavings, one or 
two inches deep. 

In the previous experiment, it had been found that most of the 
dominance behavior in an experimental period occurred at the be- 
glnnmg of this period In the present experiment, therefore, the 
length of this period was halved from 20 minutes to 10 minutes. 
Accordingly 10 bits of food were used in the food test instead of 
the previous 20. The first set of three witerpairings was continued 
for 30 experimental periods of 10 minutes each, with three addi¬ 
tional periods of observation with the animals undei starvation 
conditions After this first set of inter pairings, the pairs of animals 
were tested for only 10 expeiimentnl periods, since by this time they 
had become more accustomed to the experimental routine. The cor¬ 
relations in the first set of three interpainngs were somewhat at¬ 
tenuated by the differential fear reactions of the animals to the ex¬ 
perimental routine. These differential reactions were apparently 
independent of dominance. Food was not introduced into the ex¬ 
perimental situation until the sixth period. In this way we were 
able again to test the effect of food or struggle for food on the es¬ 
tablishment and maintenance of dominance. 

The scoring sheets were slightly different from those used in the 
previous experiment The following items which had been scored 
in the previous experiment were not scored in the present one be¬ 
cause they had been found impossible to obseive accurately, or be¬ 
cause they were not connected with dominance; genital inspection, 
erection, anger, and quiet sitting The new behavior category of 
“resistance to aggression" was introduced into the new scoring sheet 
but turned out not to be very useful. 

The pairings were as follows, in chronological order: 

First set—Blue and Red, Naomi and Kathryn, Whitey and 
Christy 

Second set—Blue and Whitey, Christy and Kathryn, Naomi 
and Red 

Third set—Whitev and Red, Naomi and Christy 

Fourth set—Whitey and Naomi, Red and Kathryn 

Fifth set—Red and Christy, Whitey and Kathryn 

Blue died after the second set of pairings, leaving five animals for 
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interpairings It will be seen that every animal was paired with 
every other animal of the group, and it is possible to construct a 
hierarchy of dominance on the basis of these results 

After all the interpairings had been completed, the behavior of 
these same animals m larger gioups was studied in the following 
way. A large outdoor cage, equipped with shelves and an indoor 
compartment, was used The animals were transferred one by one 
to this outdooi cage in inverse order of dominance. On the first 
day, the two least dominant animals were brought in together (C 
and K) On the next day, the next highest animal in the dominance 
hierarchy was brought in and allowed to stay there, and so on until 
all the animals had been put into the outdoor cage They were al¬ 
lowed to stay m this cage all the time. No attempt was made to 
isolate them m between obseivation peiiods. These observations 
weie made at various times during the day as often as the writer’s 
other duties permitted. He always fed them himself, and was par- 
ticulaily conccined with the changes in group behavior wrought 
by the introduction of food He was also primarily interested in 
observing all behavior that could not have been predicted from the 
data already obtained in the interpauings, e.g, different hierarchy 
of dominance, reversals of dominance, alliance gioups, etc 

III. Results 

The results for the 12 pairings are presented m Tables 2-13 The 
raw data are given rather than the meie ratios as in the previous 
experiment (5). The two sets of tables will thus supplement eacli 
other to some extent The name of the behavior categories for 
which scores weie taken will be found at the left side of the tables, 
the number of the experimental period will be found at the top 
Two sets of scores are given after each behavior category, one for 
each animal The score for the dominant animal is always given 
first. For instance, in Table 2 for the Blue-Red pairing, in the 
fifteenth period, Blue got seven of the 10 pieces of food, Red got 
three, Blue bullied Red once and Red responded by flight For the 
first ten beliavioi categoiies, the scoies represent merely the numbei 
of times the behavior m question occuried For grooming and play, 
the fust number of the pair repiesents the number of times the be¬ 
havior occuried, the second number repiesents the total number of 
seconds taken up with this behavior. In the last category (activity). 



TABLE 2 

Raw Data tor Pairing of Blue and Red—^Blue Dominant 
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Data for Pairikc of Blue akd Rh)—Blue Dominant 


A H. MASLOW 


167 



230 260 



TABLE 4 

Raw 1)ata for Paistnc or Whitet awi> CrotBrr—W hitet Dominant 
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Raw Data for Paoisg of WaixEy aud CHRiOT—WHtTEy Dominant 
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TABLE 5 

Data for Pairing of Blue and Whitet—^Blue Dominant 
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TABLE 6 

Data for Pairing of Christt and Kathryn—Christy Dominant 
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Data for Pairing of Red and Naomi—^Naomi Dominant 


174 


JOURNAL OF GENETIC PSYCHOLOGY 




1-1 N N 


r*i o ^ i-H h. 


\c tA t-i 


Se lA lA 


N N 


IN «* M 


N »-l VO 


vi xn M >0 


N VO 


a 


ha 2 

Q a 

13 w 

^ tn 

u o 

U Uc 

b Hf 


4^ 

bo 

to 

& 


<j 

a 

bO 

Ci 

s 

V 

1 

O 

Co 

a 

p 


a 

% 

a 

a 

ja 

a 

"a 

M 

H 

n 

c4 


*S 

w 

< 

m 

CJ 


Si 


b 


B .. 

o H 

S rt 

0 E 


ActiTity- N 165 250 210 55 175 65 120 190 3S0 280 545 

R 150 100 150 90 10 20 80 175 130 180 420 



TABLE 8 

Data for Pairinc of Whitet and Rej—Whitey Dominant 
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Data for PAnaKc op Naomi amd CttMsry—N aomi DomivaHT 
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Data for. Piirinc or n^omi and- Whitet—ai.ternating Dominance 
(W hitey probably dominant) 
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TABLE 11 

Data for Pairing of Red and Katurtn—^Red Dominant 
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only length of time m seconds is given. Foi instance^ in this same 
table, in the £ith period, Blue groomed Red once for 270 seconds, 
and Red groomed once for only 15 seconds. The activity scores are 
very crude and unreliable. They can be considered significant only 
when there are large and consistent differences. 

Table 14 is a summary of these law data insofar as they have 
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significance for dominance. Thus the scores for grooming, play, and 
activity are not included in this tabic In this table the name of the 
dominant animal is always placed above that of the subordinate 
animal The same is true for the scores. 

It will be seen that in 11 of the 12 pairings, dominance was un¬ 
mistakable and consistent. In the Whitey-Naomi pairing, dominance 
changed and was unstable We shall accordingly omit the data 
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TABLE IS 

Totals and PfiRcENTACEa for Eleven Dominant and Eleven Subordinate 

Ani&ials 



Eleven dominant animals 
Totals PerceaUge 

Eleven subordinate animals 
Totals Percentage 

Food 

1014 

80 

256 

20 

Presentation 

27 

17 

136 

83 

D V 

305 

89 

38 

11 

Attempts 

62 

70 

26 

30 

Bullying 

468 

99 9 

1 

0.1 

Cringing 

0 

0 

100 

100 

Passivity 

40 

10 

379 

90 

Flight 

0 

0 

357 

100 

Resistance 

2 

4 

45 

96 

Initiation of fighting 32 

97 

1 

3 


for this pairing fiom further discussion. With this pairing omitted, 
Tabic 15 is a final summing up of the data in the previous table 
The data for the 11 dominant animals are lumped and compared 
■with the data for the 11 subordinate animals. 

A comparison of this table ■with Table 16 of the second paper 
in this series (5) will be mstructive Percentages foi the dominant 
animals In that group and the same percentages for the dominant 
animals in the present experiment are given in Table 16 
It will be seen that the quality of the behavior syndromes charac¬ 
teristic of the dominant Rnimal and of the subordinate animal re¬ 
mains about the same, even though fairly wide percentage differences 
for various details of the syndromes aie observable in the comparison 
These differences are really very small if we consider the many 

TABLE 16 

Lumped Data Percrntages for All Dominant Animals Compared with 
Similar Data of Previous Experiment 


Previous experimeDt Present experiment 

Ten dominant animals Eleven dominant animola 
Percentage Percentage 


Pood getting 
Presentation 
D-V mounting 
Bullying 
Cringing 

Passivity under aggression 
Flight 

Initiation of fighting 
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variable hctors that are impossible to control, eg., differences in 
hunger drive, differences in grooming drive, differences in adaptation 
to the experimental situation, etc. We are inclined to consider the 
data obtained in the first experiment more reliable than those ob¬ 
tained in the present experiment since only six animals were used in 
various pairings in the latter Any uncontrolled attenuating variable 
present in one animal would have a much larger effect on the final 
group score if this one animal were used in four pairings instead of 
being used in only one. 

It IS all the more remarkable that the percentage scores for mount¬ 
ing, bullying, cringing, and flight are so similar in the two experi¬ 
ments These arc apparently the best and most reliable indicators 
of dominance and subordination. 

Groonniiff The lesults for grooming definitely indicate that, even 
if grooming were to some extent determined or influenced bv 
dominance status, this connection is so tenuous, or so intermingled 
with other determining factors which work in other directions, that 
nothing can as yet be said about it In our previous study we found 
that the dominant animal groomed more often than he was groomed 
(62 per cent of all plus scores). In the present experiment the 
data are almost exactly reversed We find that the subordinate 
animals gets 66 per cent of all plus scores for grooming.^ We are 
compelled m the light of these data to withdraw the tentative sug¬ 
gestion we made m that paper that there might be a coirelation of 
grooming behavior with dominance status Our conclusions as to 
the extent of altruism in this behavior m the macaque, however, are 
not affected bv these results 

Estabikfnnent of a Htetatchy Were it not for the reversals of 
dominance in the WJiitey-Naomi pairing, the hierarchy would be 
perfect In any case this means no more than a possible reversal of 
two neighboring positions in the hierarchy. Since Whitey was more 
dominant by mere inspection and also since he scored 7nore dominant 
in the more ciucial scoies mentioned above, we shall consider him 
to have been the dominant animal in this paiiing at least for the 
purpose of constiucting the hierarchy. 

The hierarchy then from most dominant to least dominant would 
be (1) Blue, (2) Whitey, (3) Naomi, (4) Red, (5) Christy, and 


^he calculations arc not included here in order to save space They 
may be easily derived from the tables, however 
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)) Kathryn There were no exceptions to this order Each animal 
as dominant to every animal below him in the scale in all the 
paiate pairings. 

Size and Dominance. A comparison with Table 1 will show that 
lere is at least a general trend for the largest animal to be the most 
Dminant. If the correlation were perfect, Whitey should have been 
ore clearly dominant over Naomi than he was Red and Naomi 
eighed about the same, but Naomi was clearly dominant over Red 
renerally these data substantiate the conclusion previously arrived 
(1), that large difference in size usually insures dominance to 
le larger animal but small superiority in size may be outweighed by 
icial attitudes of cockiness, confidence, and aggiessiveness 

The Effect of Starvation on Dominance. The last three expen- 
lental periods of the first set of interpairin^ weie under conditions 
f relative starvation. It will be seen that the general effect was 
ne of heightening and sharpening of dominance. The overlord 
1 every case behaved in a typically dominant fashion whether or 
ot he had previously done so. A better way of describing what 
appened is to say that if there had been any lapses in the dominance 
ehavior syndrome of tlie overlord, there were none in these three 
enods. Under conditions of starvation the dominance behavior 
mdrome emerges clearly and with less lapses and less tolerance 
)f course it would then be expected that if the overlord had been 
ehaving in such a fashion under ordinary conditions, starvation 
'ould make no difference in his behavior. A starvation technique 
'ould then appear to be on. theoretical grounds the best way of de- 
•rmining the true overlord m a pair of animals which had vacillated 
nd changed In retrospect this would indicate that, in the Whitey- 
Jaomi pairing, the doubtful status of their dominance roles could 
avc been resolved by such a technique The theoretical and prac- 
cal implications of these scanty data indicate the probable fruitful- 
ess of a careful and complete research on the question. 

Beltavtor tn the Gioup Full descriptive notes were taken in 
mghand by the experimenter who sat in front of the cage in full 
lew. It was his impression that hi* presence disturbed the animals 
or a few minutes and then was neglected so long as he made no 
udden moves "When it was necessary to get up to feed them or for 
ome other reason, the animals were markedly disturbed for a 
loment. Since this happened infrequently, it was probably of little 
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importance except dujing feeding The influence of the writer’s 
presence on feeding behavior and general social adjustment is de¬ 
scribed in the following notes These notes are not given com¬ 
pletely because of lack of space. What is presented is taken verbatim 
from the notes. 

Observations oh Group Behavior. 

IVednesday, August 28th 

4 30 PM Fed at 12 M Two least dominant animnls (K 
and C} put in together C dominant to K in previous pairing, 
no attention to each other except tended to huddle, frightened 
by new cage, no dominance behavior. K more active, no fear 
of each other. After about 3 minutes K started to groom C, 
who jumped, and K cringed while C stared (dominance ataie) 

. K very active as usual; C sits quietly on shelf After 
little grooming by C, he comes to floor for Hrat time K 
pulls C's chain with hind feet and leads him along 5 seconds 
(scored as bullying), no protest by C Both up to shelf; 
he makes several attempts to mount but no room, and she is too 
active. Finally he mounts fully with K passive Same again- 
achieved by C presenting to K. She cornea up, he turns quickly 
and mounts—no entrance, no erection, followed by grooming 
.. They stay together all the time with K more confident 
and active in new surroundings She starts to play by pulling 
his chain and he attacks her vigorously She runs . D.V 

by C, K passive; momentary, no reaction, few movements. 

. He attacks her suddenly for no reason and she walks 
away He la becoming more active and confident 

SIS PM Next dominant animal brought in (Red)—• 
dominant to both animals in previous pairings. R frightened, 

K comes over and presents; then C comes over and presents 
R does nothing C starts to groom and maneuvers round to 
mount R snarles and bites C who at once presents and tries 
no more C bullies and seizes K, who runs. C presents as R 
approaches C becomes much more pugnacious with respect to 
K since R has been brought in, much dominance staring and 
snarling She stays away from him now where before they 
were together Now C stays with R, allying himself with the 
stronger one, grooms R for the 70 seconds K climbs up to 
shelf where other two animals sit. C snarls at her and K 
does too* a few seconds later they keep on threatening K who 
flees often C presents to R (fulli and grooms again Again 
K comes close and C and then R threaten her Again C 
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drives K off shelf, C's threats at her are of bluffing type— 
running starts and stopping short, opening mouth, junnping up 
and down, jerky up-and-dovrn head movements, no overt at¬ 
tack, however. Little or none of this behavior occurred before R 
was brought in R joins bullying when C starts Much un¬ 
provoked buHyins of K by both, . In apite of continuous 
bullying and threatening, K continues to attempt to join the 
other pair. She is continually driven off, usually by C 

Thursday, Augtist 29lh 

4 15 PM All 3 on shelf; K alone, C and R huddled, no 
activity. Fed them bits of bread through wire screen; 1st 
feeding since 12 yesterday I had to come close, and all were 
scared, K least so K has always shown les^ fear of humans, 
even in previous pairings In spite of the fact that K. was 
closest to me, R got the Hrst piece of food, even toolc one awAy 
from K when she got it However, she tried hard in spite of 
R*8 bullying When he got one mouthful, C and K got some 
food in apite of fact that R seemed to be trying just oa bard. 
Later R drove IC up to shelf, other two on door In front of me, 
waiting for food ■ R got 11 bite of food before C got 1; 
then 10 more for R before C got 1 C ate crumbs on floor dur¬ 
ing all this time; K still fat away, vocalizing 

4 4S PM. Next dominant nnimal brought in (Nnomi)— 
dominant to all three in previous pairings K huddled up to 
her at once In ventro-ventral embrace and groomed her. Then 
N attacked her very viciously K almost frantic in her 
howling During this mix-up, R kept on bullying N with her 
passive. They fought until he drove N off shelf and she com¬ 
pensated by threatening K. R was bullying C a bit Then 
N started bullying K at n distance and looking at R. He got 
down off shelf and mounted her four times. N continued very 
angry at K—D.V again by R, N passive. After it, N 
threatened K and made fuas. R mounted N and while R at¬ 
tacked C, N mounted R for long D V. C, who came close, 
was viciously attacked by R and N kept on mounting him (R) 
all the time. Finally N and R huddled and N groomed, IC 
m one corner, C in another Thus two most dominant animals 
of the four have formed an alliance. R mounts N who was 
passive, and then grooms her. Same again Full presentation 
of sexual type by N at all times—sloping back, exposed pelvis, 
tail high, etc ; she is m heat—red sexual akin, oedematous 
swelling of sexual skin and upper legs and base of tall, red 
nipples, pouchy face, etc 
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Now R’a mounting of N becomes practically continuoiia, 
occurs again and again, interspersed with grooming by R 
C and IC all this time cringing in separate corners, C par¬ 
ticularly badly frightened . Same has continued for about 
15 minutes, R mounting N continuously, interspersing this with 
grooming C and K scattered and cringing R often threatens 
others while mounting As I approached to feed the ani¬ 

mals, R rushed down from shelf and chased them all violently 
even before I dropped any food in The while I was handing 
it in, N mounted R, repeated this four times. While I fed him, 
he was all alone. N mounted him once m a while, other two 
scattered, R got 1st 15 pieces, then K got one. Neither C nor 
N got one, possibly because N taking advantage of situation to 
mount R, and C completely cowed. When food stopped, R 
turned around and mounted N twice, and then she groomed 
him for a long time Dropped food in, now through different 
spot—again immediately R comes for food, later N moirnts him 
and then grooms him 

Put whole bread in slices in cage—hungriest and boldest 
of all as always This time came to get it from me Others 
hung back waiting for me to leave before coming for food 

Went away for five minutes When I came back, found 
amazing change K was now viciously chasing C all around 
cage. He was in mortal terror. She caught him and bit him ond 
tore at him until he went into cataleptic state. Other two 
animals came down and joined in They were as vicious- 
The three of them practically ripped his ears apart—all bloody 
They left, and K kept on doing this alone. Finally she stopped 
and settled down to bite him. Everytime R or N growled, 
threatened or even looked at K, she started turning and 
biting and bullying C C Anally lay in exhausted state, ears 
bloody, eyes half closed, in waxy flexibility Other three kept 
on enting bread with N and R growling at R occasionally 
Without exception any growl at her set her after C who ate 
absolutely nothing all this time and stayed on shelf in dazed 
state for all the time. Have never seen as vicious bullying as 
K’s—who, tn any case, had never showed any bullying at all 
during the whole course of the experiment with any single 
animal. Same state of affairs for 15 minutes. As I left N 
mounted K twice 

This change m dominance apparently caused by K getting 
food because more bold, hungry and active and less afraid of 
me She probably then turned on C who was being afaid, but 
of me, not of her. 
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Fnday, August 30th 

5 30 PM I find C very, very badly bittenJ scars all over 
Ills face, nose, lips, ears, etc, bloody and torn; completely 
cowed, in spite of fact that in pairing he was completely 
dominant over K, and that he had at the beginning of this 
group experiment tried to mount R C is being left alone now; 
however, K huddles up to him amiably enoiigli C sits (not 
cringing) vocalises freely and even moves a bit in a quiet way 
Other two scattered and prowling around the cage exploring; 
no attention to each other during this period. K chased by 
R once m a while and then huddles up to C; seems friendly 
R most cocky and confident of group; quite certain of himself 
K most active but watches N and R carefully Long period of 
sitting about, apparently paying no attention to each other. 
Great change fronn yesterday. Must be pretty hungry and 
thirsty, not fed for 24- hours. Mucli vocalizing from R. K 
huddles to C agoin C shows no fright, although once before 
did when K ran over inatead of wallcmg over—retrneted lips 
and chattered fearfully. Now for period R up oa shelf alone, 
K huddles to N Suddenly R gets up, pulls K down from 
shelf by her chain. K huddles to C; N and R tend to form 
group just as K and C tend to form n group All very calm 
and quiet. 

At 6 o’clock began dropping bits of bread through the mesh 
Pood gotten in following order R 2, N S, R 3, N 8, R 2S 
When 8th bit of food was dropped R pokes K, and drives her 
away When the 10th bit of food was dropped, R again poked 
K who was peraiatent, K at once attacked C for first time 
today, very viciously At Ifith bit of food R really got very 
angry because N had been getting so much food , attacked her 
viciously, and all animals went away. R sits alone and gets 
all food thereafter 

Dropped, whole sliced bread in, as usual I had to come very 
close to do this, and all the animals but K ran away She 
sits here alone until I leave Then they get food by coming 
up behind K and caking it from her As soon as I bring the 
food C comes to corner, turns his back and cringes Brought 
potatoes, water and apples. R paid no attention, remained at 
back of cage, but as soon as I biought apples, he rushed down 
in spite of me and got one apple. I put in a good deal of food 
so that C would get some As there was plenty, they let him 
eat some, when I left all four were drinking and eating 
quietly except that, when any one approaches C, he runs away 
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Suudayj August 31st 

4 30 PM, Decide to starve anjinals for 4S hours—get effect 
on behavior When came back, found that C had been taken 
out 2+ hours ago by care-taker of laboratory in order to save 
his life. Apparently hunger caused some change of behavior— 
witness C‘a plight, also fact that K has scars on face Must 
have been beaten However no excitement or turmoil now 
AJ] three animals apparently very hungry, cry, vocalize con¬ 
tinually. K on floor alone, R and N on shelf together. No 
behavior with respect to e<ich other N seems to be in heat still, 
judging from external anatomical signs but not from behavior 
'4- 45 P.M Dropped bits of bread into cage, and strangely no 
response from any of the animals. Finally held up whole slice 
of bread N got down and got 12 pieces In rovr, no attention 
to bits on flooi Then R came, ate bits on floor and ran back, 
not interfeiing with N K definitely seemed impelled to come 
for food but was afraid to. Then dropped bits of food again— 
gotten by following animals m order: N 1 bit, R 4, N 2, R IS 
in row. When the 6th bit of food was dropped, and N got it, 
R turned on N somewhat, not enough to make her run but 
just at that moment K dropped the water pan and the sudden 
noise made N run R got alt the food thereafter. At the far 
end N picked up a bit of food from the floor R turned and 
chased her away. She ran very rapidly Then R bullied K 
who showed great fear, cringing, and presented Same thing, 
three times 14 more bits of food N got all while R bullied 
R continuously (must there always be a scape-goat In every 
group? K has taken C's place). Ten more for N while R 
is still busy bullying K. R mounts R once. Then 15 bits in 
row for R N sitting by and not moving. When R goes away, 
then N gets food, R mounts K again R gets 7 bits of food 
and deliberately goes up to bully K R gets 14 more bits, 
dropping each one as he takes it without eating it, until he is 
really sitting in bread, but N never touches any of it K has 
been far away ever since food was brought, her back turned 
on the whole procedure She la almost as cowed as C was 
Five more bits for N until R comes over from bullying K 
As soon as R leaves for food, N stops trying until he goes 
away again. Just noticed K's chain caught in mesh—no wonder 
she could not run away As soon as 1 release her, she makes 
a wild dash for the bread right through N who attacks her 
viciously (K doesn’t care) She takes the bit and gorges her¬ 
self, grunting all the while, Lot of excitement during all this 
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with R mounting N four tunes as N bullies K. Finally all 
settled down to eat K growls at animals in neighboring cage, 
and R bullies, mounting N again. K continues gorging As 
R approaches, K goes back to him and makes full presentation 
He half mounts but does not completely, and K goes back to 
gorging herself Finally so do N and R, suddenly K runs 
away for no detectable reason I put m a good deal of food 
and they continue eating, paying no attention to each other 

Monday, September 1st 

11 o^clock All three on shelf Surplus food lying around on 
floor R and N together, K alone No fighting oi aggression; 
no social behavior K apparently not overtly afraid of either 
animal. 

11 10 A, M Nett dominant animal, W, brought in Other 
three up on shelf, looking at him, W on floor R comes down, 
then N and K R mounts W three times times (m spite of 
fact that W was completely dominant to him m pairing) 
Then W turns on R and gives him a good beating All 3 ani¬ 
mals gang up on Wj but he remams confident and aggressive; 
ganging continuous, K gets awfully aggressive He beats them 
again and again, but they remain aggressive, especially K who 
comes down to floor to anarl in W’s face while other two growl 
from shelf. The three animals on shelf with W continually sit¬ 
ting on floor K grooms R and R grooms N, then both groom N 
lor sometime W's presence seems to make a group of the other 
three animals ^ has lost none of his confidence 

At 11 '15, N comes down deliberately and presents to W—full 
and prolonged—grooming each other for n while K. grooms 
R up on shelf, N stays close to W and presents for grooming 
very frequently N gets around slowly into semi-d.v position 
for moment, then presents a few times, again mounts him in 
seml-d.v position—no movements Very cautiously K comes 
down after grooming R for long time and grooms N. All four 
animals go indoors where I cannot observe them, and a fight 
ensues K comes out bitten, but then all three 0 s.ng up on W 
again They get all excited, but he remams calm They pull 
him down and really beat him for a while. K awfully beaten, 
hut she seems to take it without any dampening of het^ aggres¬ 
sion. She keeps starting the fights Finally N and K get W 
in bad position, bitmg him badly, and he begins to give fright- 
pain cries and to turn hia back. Now N and K bite him 
viciously while R mounts K, W runs away with K after him 
(first flight by W) K Is still most aggressive Finally W 
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cringea in corner while she bites him, and R in the excitement 
keeps on mounting N and K K bullies W tirelessly; W 
bleeding 

il 30 Finally W sits on floor panting, and other three ait 
quietly on shelf Then they come down to floor K starts 
"walking over to W and he cringes and backs up N comes 
Over and starts bullying while R mounts her W runs away 
Then K and R join N in chasing and bullying, then quiet for 
Sometime, 3 animals on shelf and W perched fearfully in farth¬ 
est and highest corner of cage. Food dropped In, gotten in 
following order. R, K, K, R, K, K, R, K, K, R, R, R; 

R, R, R K most bold about coming for food, R holds back. 

K least afraid of my presence and closeness However, no 
great dominance behavior in this situation Then K and N 
attack W and R joins viciously. W screams with pain K most 
vicious and persistent W absolutely beaten, no fight in him 
any more; his sphincters relax, finally he just goes into catalep¬ 
tic rigidity in a ball in a coiner and stays like that even when 
no one near We may have to take him out to save him R 
mounts N and K several times. Leave at 11 45 
At noon W hnd to be taken out to save his life That 
evening at 7 PM, I did the following experiment, W, who has 
been recuperating all day in his own cage, and K who has re¬ 
mained in the outside cage with a group, are brought together 
up to the experimental chamber for pairing As m the previous 
experiment, W dominant, K behaving subordipately from the 
very first moment that they were put togethei This in spite of 
the fact that only that morning W had to be saved from K’s 
aggression 

Behavior in trio in cage as before N+R=8roup, and K is 
alone 

IV Discussion 

Cotninenls on Group Observations. It is obvious that the be¬ 
havior of these animals in groups could not have been predicted 
from the data obtained in the mterpainngs The behavior of a 
gioup of three animals is something more than the mere addition of 
their separately taken reactions to each other. In other "words the 
group of three is qualitatively different from a group of two animals, 
and a group of foui is different in the same way from a group of 
three animals While the data presented in the notes are very far 
from being final or definitive, they are yet innportant and suggestive 
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enough to merit careful consideration This is especially so because 
many separate researches are suggested by various parts of the data 
Behavior in the first group (of two animals) did not differ ma¬ 
terially from their behavior in their previous experimental pairing. 
The introduction of a third animal (who had dominated them 
separately) introduced new behavior that seemed to be a function of 
the size of the group Several general statements may be made as 
suggested descriptions m general terms of this new behavior. It 
may be that these overlap each other. They are to be considered as 
provocative rather than final, since the animals involved are too 
few for final statements (1) Punishment is handed down When 
the overlord asserts dominance over his immediate inferior in any 
wav, this latter animal is impelled to assert dominance over hts in¬ 
ferior by bullying, mounting, etc. (2) The middle animal (C) is 
made more pugnacious generally with respect to the subordinate 
animal (K) by the introduction of an overlord (R), even though 
he (C) was not very pugnacious when alone with K (3) The 
middle animal seems to tend to ally himself with the overlord, and 
seems to prefer his company to that of his inferior, They tend to 
form a contact group and act to some extent as a unit. (4) The 
middle animal, rather than the overlord, tends to initiate the bully¬ 
ing of nnd fighting with the subordinate animal, even though the 
overlord may join in. (5) If one animal attacks another, the out¬ 
sider will Join with the attacker rather than with the attacked 
animal (6) All these considerations seem to justify calling the sub¬ 
ordinate animal the "scapegoat animal.” 

The anomalous middle position thus takes on a certain character 
of Its own. While we should not anthropomorphize about the mo- 
. tivation of his behavior, we can at least point out that the net result 
of all these activities is (1) to protect the middle animal from the 
aggression of the overlord, and (2) to allow him to keep the highest 
possible dominance status. 

The introduction of the next more dominant animal brought about 
behavior that is difficult to interpret, since she was in heat, and con¬ 
sequently the dominance drive assumed in her a less important role 
than might otherwise have been the case. Her presence, however, 
brought to light new behavior that is worthy of tentative generaliza¬ 
tion. An animal behaving in a concentrated fashion with respect to 
animal X seems to become an easier mark for the dominance display 
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of animal Y Several examples of this behavior are recorded in the 
observations, e g, N bullying K was simultaneously bullied by R 

The new types of behavior observed in the three groups are also 
observed with some modifications in the four group, e.g., when R 
dominates N, she “hands it down” to K; two most dominant ani¬ 
mals form a contact group, all the animals arc more pugnacious than 
they were before. 

K’s behavior generally was very different from her behavior in 
the interpainngs. In the records for these mterpainngs, many notes 
were made of her strong dominance drive. She never had a real 
opportunity to express it effectively until she became part of a larger 
group Here she was aided by the apparent tendency noted above 
of animals on the sideline to come to the aid of an attacker rather 
than to tlic aid of the attacked animal. Obviously this gives a 
weak but pugnacious animal far more power than she could possibly 
wield in a group of two animals, and would indicate that absolute 
strength of dominance is more leadilv seen in a larger than in a 
smaller group As soon as K made the first attack on C, the other 
two animals came to her aid and not to the aid of C Once the 
break was made, and C became subordinate to the group of three 
animals, he also became suboidinate to any one of the three. K 
thereafter adhered admirably to the “principle” of handing down 
punishment It is interesting to note that, because K continued to 
be rejected by R and N, she formed a contact group with C and 
huddled with him amicably at all times except when she was handing 
down punishment 

When C was taken out to save his life, the behavior of the resultant 
three group slipped back to the behavior of the pievious three gioup 

When W was brought into the group, he seemed to suffei under 
at least one disadvantage, in spite of the fact that he had dominated 
all of the animals m the group taken separately They now seemed 
to consider themselves an “in-group” and him an outsider His mere 
presence at once caused them to coalesce into something of a unit 
Also they were adapted to the experimental situation and he was not, 
which gave them another advantage K again led the attack (in 
the attempt to become what we have called the "middle animal”?). 
Again R and N came to the aid of K, who attacked W, rather than 
to the aid of W, who was attacked W was whipped and eventually 
had to be removed to save his life This left a three group, which 
acted generally as alieady described. 
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It should be noted m C and in W that, when they lost dominance,, 
they lost it suddenly and completely, seeming, in a moment, to give 
up dominance and accept subordination 

About five hours after Whitey had been removed from the group 
cage, advantage was taken of the opportunity to determine the pos¬ 
sibility of a continuing trauma in this animal as the result of his very 
harrowing group experience. Also the expeiimenter was very curious 
about tJie question as to whether the dominance status in a pairing 
was the result of direct reaction to the elements inherent m the situa¬ 
tion, or whether it was more largely the result of previous experience 
and social conditioning Is an animal who has been subordinate in a 
previous paiiing more likely to be subordinate in a new pairing? 

Whitey and Kathryn were again paired in the experimental cham¬ 
ber m exactly the same way that they had been paired prior to the 
group experiment. It will be remembered that Whitey had been 
dominant over Kathryn in these pairings (see Table 13), and also 
that Kathryn was the leader of the group attack on Whitey which 
finally broke his spirit She bullied him persistently and almost 
killed him single-handed. 

In this pairing which lasted for ten minutes, Whitey was dominant, 
but not because he asserted or took dominance. He was dominant 
because of Kathryn’s complete concession of this status to him At 
the very first moment that they were put together, Whitey got into 
the corner and cringed for ten seconds while Kathryn ran about 
actively. Then they both ran about for 35 seconds Then K 
spontaneously came over to W and presented to him of her own 
accord for fifteen seconds. He responded by genital inspection and 
then began grooming her. The lest of the ten minutes were spent 
in sitting about quietly and grooming by W W got seven of the 
ten bits of food with practically no opposition from K. When K 
got the food bits, it was because of lack of opposition by W. 

The dominance was obviously unmarked and given rather than 
taken The indication would be then that Whitey was somewhat 
aifected by his previous group experience, but also that Kathryn 
was again responding to present factors in the situation, e.g., Whitey’s, 
superior size. Her previous attitude of dominance in the group 
situation did not hang over into the present situation, although it 
was obvious that if she had made any attempt at all to achieve 
dominance status, Whitey would have been quite ready to accede. 
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“This result would indicate that the technique we used is worthy of 
further investigation and use. 

The Esiabhshment of a Hierarchy Little comment need be made 
on the clear-cut data we have presented, except that perhaps they 
should be held suspect just because they are so unexpectedly neat. 
They indicate that our group was not nearly as evenly matched as we 
had supposed The differences m weight should have been less than 
they actuallj^ were, since of course we now know that it is very easy 
to insure m advance a peifect hierarchy by selecting as subjects 
animals that differ substantially in their body weights. Our animals 
ranged from 5 lbs, 4 oz. to 8 lbs., 15 oz, or from 2352 granns to 
4004 grams. Murchison’s six roosters ranged from 3420 grams to 
4000 grams (9). Our data are, then, not stnctly comparable. 
Had our animals been as closely matched for weight as Murchison’s, 
we might have got the same circularities of dominance status that he 
obtained 

Attenuating Facioi£ tn the Inietcaridattous of Dominance Be¬ 
haviors. We have already pointed out in previous papers (2, 5) that 
our putative dominance attitude is not the only determiner of specific 
aspects of the dominance syndrome. Feeding behavior is of course 
also influenced by strength of hunger drive, by differential appetite 
for the particular food being used as a test goal object, by differences 
m speed of leactivity, etc Sexual behavior is aho paitially de¬ 
termined 6y stage of the temafe^s sexual cycle, 6y general ditferences 
in strength of sex drive, and by previous experience In the present 
experiment, several more such factors came to light and may now 
be listed (1) Feai of the experimenter was a variable quantity 
from animal to animal, some being much tamer and bolder tlian 
others. Kathryn, who was not at all bothered by the presence of 
the experimenter, won theieby an advantage over the others, par¬ 
ticularly in the group experiment (2) Differences in absolute 
strength of dominance proved to be very important It is possible 
to late (loughly) any animal on an absolute scale of dominance. 
One animal may obviously have a very strong drive to dominance 
that will manifest itself in any social situation whatsoever, even 
when he is in a suboidinate position due to inferior weight and size. 
Other animals may be given dominance status because they are so 
much larger than their partners. The general distinction between 
dominance relative to one other individual and relative to the total 
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o£ Other individuals is important also in avoiding confusion in other 
contexts (3) The factor of previous dominance or subordination 
experience does apparently have some effect on present behavior 
(4) Starvation may effect differentially the dominance-subordination 
behavior of a pair of animals Our exploratory experiment indicates 
that the dominant animal's behavior is sharpened and heightened, 
which in turn inhibits all the more strongly whatever dominance 
behavior the subordinate animal may have shown prior to starva¬ 
tion. (5) Priority on the spot seems also to have been an influential 
variable in our group experiment The animals already in the cage 
have an advantage over newly introduced animals in the struggle 
for dominance, both because of alliances alieady formed and because 
of better adaptation to the strange situation (6) Difference in 
drive to groom or to be gioomed may be influential in partially 
determining the particular form that dominance behavior will take. 

These aie, of course, no more than a few of the factors that must 
inevitably tend to attenuate any correlation between various parts of 
the dominance behavior syndrome They aie sufEcient, however, to 
indicate the complexity of such a task and also to induce a proper 
respect for the very high coirelations actually obtained iit spue of 
all these attenuating influences. 

V. Summary and Conclusions 
Itv a group of six rlvcsus macaques, every animal was paired with 
every animal by the technique described in a previous papei. The 
behavior syndromes characteiistic of dominant and subordinate ani¬ 
mals determined in a previous experiment were generally confirmed 
except for grooming behavior, which was judged not to be correlated 
with dominance status because of the discrepancy of data in the two 
experiments. No adequate data on play behavior were obtained and 
no conclusions were drawn therefore. Mounting and bullying proved 
to be the most reliable measures of dominance, and cringing and 
flight were found to be the most reliable measures of subordination 
The hierarchy of dominance constructed fiom the results of the 
separate paiiings was found to be practically peifect in the sense that 
it showed no circularity of dominance relationships such as had been 
found in birds This surprising result was adjudged to be probably 
a consequence of too great diffeiences in weight of the animals in our 
group. 
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An exploratory experiment on the effect of starvation seemed to 
indicate that the dominance of the overlord animal was heightened 
and sharpened by this treatment. 

These animals, after the paiiings were completed, were formed 
into larger groups whose conditions are described It wab found 
that new behavior emerged in these groups that was unpredictable 
from the data on pairings, since certain behavior is definitely a 
function of the size of the group. A group of three animals is a 
different kind of a gioup (in a qualitative sense) from a group of 
two animals. Animals that had been dominant in the pairings were, 
in the group, beset by alliances of their subordinates and beaten 
seveiely. The animal that had been at the bottom of the dominance 
hierarchy in the pairings turned out to be the most vicious and 
aggiessive of the animals m the groups of four animals This same 
animal, when paired separately soon after with one animal that 
she had almost killed wlulc in the groupi tuined out to be as sub¬ 
ordinate to him as she had been in the original pairing 

Various attenuating factors arc discussed 

Generally the various techniques used m this experiment are con¬ 
sidered to have brought to light suggestive rather than Conclusive 
results Many problems and questions have been brought to light 
that seem to be worth further investigation. 
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PERFORMANCE TESTS AS AIDS IN THE DIAGNOSIS 
OF MALADJUSTMENT* 

From the Department of Psychology of The Ohio State University 


Moshe Brill 


The clinical psychologist is in an extremely precarious intellectual 
position. In his daily occupation he utilizes rather freely certain 
concepts as regards the nature of the abilities of man and the prin¬ 
ciples underlying human behavior. He also employs standardized 
techniques for the measuiement of these abilities and for their 
qualitative analysis. He does that because he has found that in 
practice, at le.ast, some of the clinical concepts and techniques are 
helpful in interpreting the behavior and diagnosing the conduct of 
maladjusted individuals However, upon turning to cunent litera¬ 
ture dealing theoretically and experimentally with the same concepts 
and techniques, he is ohen reminded of the fact that they arc far 
from adequate In fact, he cannot help but admit with Spearman, 
that even “the very concept of intelligence is unsatisfactory” (8, p. 
12) Recent studies on the validity and reliability of common 
clinical techniques arc even more disturbing to the clinician It js 
difficult for him to reconcile the critical analysis and experimental 
results of others with his own empirical findings as regards the 
validity or usefulness of these basic concepts and techniques In 
clinical psychology. 

The clinical psychologist often wonders what contribution he 
could make towaid the solution of major cuirent psychological con¬ 
troversies. Indeed, it seems plausible to expect the clinician with his 
wealth of experience with pathological manifestations of behavior 
to make substantial contributions in such controversies as the one 
between the unit-factor and the two-factor theories of intelligence 
The clinician, however, experiences great difficulty in bringing har¬ 
mony between the theoretical discussions of such problems as the 
one on the true nature of intelligence and the manifestations of 

•Recommended by 11, B English, accepted for publication by Carl Mur¬ 
chison of the Editorial Board, and received in the Editorial Office, Decem¬ 
ber 23, 1935 
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“intelligence,” with which he is well acquainted This difficulty 
is perhaps a result of the early influence of Xerman, and his view 
that to demand "that one who would measure intelligence should 
first present a complete definition of it, is quite unreasonable” (9, 
p 44). Stern’s analogy of the measurement of intelligence with the 
measurement of electric currents as well as Spearman's analysis of 
the fallacy of this analogy (8, p 16) ate too well-known to be 
quoted here 

Even if the clinician accepts Spearman’s two-factor theory, as 
a great many tend to do, he must admit that there is no instrument 
available as yet for the measurement of Kolated S’s. The practical 
student of human behavior can hardly conceive of psychological 
elementary functions or special abilities as independent entities 
One, therefore, takes a sheer guess when one analyzes an individual's 
performance on a standardized test in terms of psychological elements 
or S’s. Such an analysis takes one out of the inductive and experi¬ 
mental field and into the deductive and speculative field The 
clinician must, therefore, view an individual’s score on a test, how¬ 
ever simple, as the function of his total personality. One’s charac¬ 
teristic performance on a given test in a given situation is a sample 
of one’s characteristic way of making adjustments under similar 
circumstances From the standpoint of the clinician, a valid psy¬ 
chological test is, therefore, one that was found empirically to be a 
useful instrument for securing an adequate sample of an individual’s 
behavior under standardized conditions. 

It has been this view in clinical psychology that has caused cer¬ 
tain clinicians to claim that adequate mental tests measure not only 
intelligence, but also give important indices of individuals’ abilities 
to adjust. It has been claimed by Mateer (6), and others that the 
unstable child, for instance, rates much lower on a performance scale 
than on a verbal scale. “For diagnostic purposes, when mental age 
on performance tests and on Binet testa differ as much as four years, 
investigations in regard to the emotional stability of the child may be 
desirable” (7, p. 302) “Throughout, the effort to respond accord¬ 
ing to the test demands causes, because of his greater predilection 
for other types of reactions, and consequent greater necessity for 
constant self-judgment and inhibition of many traits, greater fatigue 
than IS experienced by individuals more like the common groups” 
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(6, p. 150) Cornell and Coxe (3, p. 55) suggested that a study be 
made of the relatjonship of ability to perform on their scale to sta¬ 
bility, impulsiveness, and other traits. The question often arises: 
How reliable are the empirical evidences concerning the performance 
level of the unstable? Is a difference of four or more years between 
the Binet scale and the perfoimance scale test ages, for instance, 
indicative of instability? 


The Problem 

The present studv^ consists of a comparison of the performance 
of adjusted and maladjusted mentally deficient boys on the Witmer 
Formboard, the Witmer Cylinder, the Corncll-Coxe Performance 
Ability Scale, and tlie Kent-Sliakow Graded Formboard Senes, The 
specific questions to be answered in this study arc (1) Do the Wit¬ 
mer Formboard, the Witmer Cylinder, the Cornell Coxe Per¬ 
formance test ages, and the Kent-Shalcow Performance score differ* 
entmte the adjusted fiom the maladjusted mentally deficient boys? 
(2) Does the difterence between the Binet and eacli of the three 
performance test ages differentiate between the adjusted and the 
maladjusted defective? and (3) What is the iclationship between 
the various psychometrics used in this study? 

The terms adj'usted and maladjusted are here used instead of 
other such terms as stable and unstable. These terms are used be¬ 
cause the writer feels that Instability in mentally deficients expresses 
itself primarily in social maladjustment The adjusted boys studied 
were found to be continuously very well adjusted, and the malad¬ 
justed boj's were continuously maladjusted undei the same dis¬ 
ciplinary and administrative regulations. While it is hard to 
get two clinicians to agree on a diagnosis of psychopathy or insta¬ 
bility, It is comparatively easy for different clinicians to agree on a 
classification of an individual as either adjusted oi maladjusted in 
view of his total past history and piescnt condition 

The present study is one of a senes of investigations (1, 2) on the 
value of various psychometrics m the diagnosis of maladjustment or 
instability in mental deficients 


T'his study was made at the State Colony, New Lisbon, N J 
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Method and Procedure 

Constitution of the Two Groups The two groups were highly 
equated in the following items: 

1 Nationality and race Each group consisted of 49 native white 
and one colored. 

2 Sex All subjects m both groups were male 

3. Chronological age (First low in Table 1.) 

4. Binct test age. (Fourth row in Table 1.) 

5. Number of months in the colony prior to the study (Second 
row in Table 1.) 

6. General physical health as rated by the resident physician. 

The only outstanding diffeience between the Adjusted and the 

Maladjusted was in the matter of continuous social adjustment To 
study this difference between the two gioups, the Vineland Adjust¬ 
ment Score Card (10, 11) was used (Third row in Table 1). The 
difference between the two gioups in scorra on the Adjustment Score 
Card was found conclusively reliable 

The institution maintains a detention cottage for the boys who 
fail to adjust in the ordinary institutional environment. A study 
of the number of days in the detention cottage, the number of com¬ 
mitments, recommitments, etc, of the boys in the two groups has 
shown clearly the significant difference between the two groups in 
continuous sociaf adjustment for at feast the past two and one-fiaff 
years Additional information concerning the two groups may be 
found elsewhere (1, 2) 

Results 

A study of Table 1 indicates that the two groups were highly 
equated in chronological age, number of months in institution prior 
to the study, and in Stanford Binet test age. The difference between 
the two groups in scores on the Vineland Adjustment Score Card 
was conclusively reliable. None of the performance test ages or 
scores differentiated conclusively between the two groups. A further 
analysis of the differences between the Adjusted and the Maladjusted 
in these performance test ages and scores and their significance for 
diagnostic purposes follow 

The Witmer Formboard. The directions given by Young (12) 
for administering and scoring this test were used m the present study. 



TABLE 1 

Statistical Values of the Variables Studied 
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It appears in Table 1 that both the Ad)ustc<i and the Maladjusted 
scored higher on the Witmer Formboard than on the Bmet scale. 
The differences of the mean test ages on the Witmer Formboard 
and on the Binet for the Adjusted and the Maladjusted were 
37.86±4.05 and 29 20±439 respectively, and their critical ratios 
weie 9.35 and 6 65 respectively. This is in agreement with similar 
findings concerning the peiformance ability of the feebleminded in 
comparison with their Bmet general mental level. 

An analysis was made of the differences between each individual’s 
Bmet test age and his Witmer Formboard test age In Table 2 the 
distribution of these diffeiences for the two groups is given It 
appears from this table that the difference between the Adjusted and 
the Maladjusted in theii tendencies to score higher on the Witmei 
Foimboard than on the Binet scale is unreliable. The proportion 
of those who scored higher to those who scored lower on the Witmer 
Foimboard than on the Binet scale is nine to two for the Adjusted 
and seven to two foi the Maladjusted The median increases fiorn 
the Binet to the Witinei Formboard test ages ale four yeais two 
months for the Adjusted and three years two months for the Malad¬ 
justed. The median decrease from the Bmet to the Witmer Form- 
board test ages for both groups is seven months Forty-four per cent 
of the Adjusted and 32 per cent of the Maladjusted scored four or 
more years higher on the Witmer Formboard than on the Bmet 
scale. Tlie percentage difference between the two gioups being 
12±6 SO, It follows then that this difference between the two groups 
is statistically unieliable. Further analysis of the data indicates 
that the Witmer Foimboard test age and the difference between 
this and the Binet test ages do not differentiate the Maladjusted from 
the Adjusted. 

The Witmer Cylinder. The directions used for administering and 
scoring of this test were those given in Healy and Bronner’s Manual 
(4, pp. 115-116). In case of complete failure a test age of five 
years was assigned Ten per cent of the adjusted and 20 per cent 
of the Maladjusted wete thus assigned a test age of five years. On 
the other hand, 8 per cent of the Adjusted and 16 per cent of the 
Maladjusted achieved a maximum test age of 16 years on this test. 
From Table 1 it appears that there is conclusive evidence of a reli¬ 
able difference between the mean test ages on the Bmet scale and 
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TABLE 2 


Distridution of the Differences between the Witmer Formdoard and the 
Binct Test Aces in Years and Months of the Adjusted 
And Maladjusted 


Witmcr Formboard 
test age 
minus Binet 
test age 

Adjusted 

Maladjusted 

Adj listed 
and 

maladjusted 

+ 9'0 

1 

0 

1 

+ 8 0 

2 

0 

2 

+ 7 6 

0 

1 

1 

+ 7 0 

1 

4 

5 

+ 6 6 

1 

4 

S 

+ 6 0 

1 

0 

1 

+ 5 6 

7 

1 

8 

+ S 0 

3 

2 

5 

+4 6 

2 

2 

4 

+4 0 

4 

2 

6 

+ 3 6 

2 

2 

4 

+ 3,0 

3 

2 

S 

+ 2 6 

1 

1 

2 

+2 0 

1 

4 

5 

+ 1 '6 

3 

4 

7 

+ 1 0 

5 

4 

9 

+ 6 

2 

1 

3 

Less than + 6 

2 

4 

6 

0 

0 

1 

1 

Less than — 6 

1 

4 

5 

— ‘6 

5 

2 

7 

—1 0 

1 

1 

2 

—I 6 

I 

I 

2 

—2 0 

0 

1 

1 

—3 6 

0 

2 

2 

—5.0 

1 

0 

1 

N 

50 

SO 

100 

Percentage Witmer Formboard T.A. 

higher than Bmet TA 

82 

76 

79 

Percentage Witmer Formboard TA, 

lower than Binet T A. 

18 

22 

20 

Median Witmer Formboard-T A, 

higher than Binet TA 

4 2 

3'2 

3 10 

Q Witmer Formboard TA 

higher than Binet T.A. 

1 11 

2.0 

2 0 

Median Witmer Formboard TA 

lower than Binct TA 

0 7 

07 

0 7 

Q Witmer Formboard TA 

‘ lower than Binet TA 

0.8 

1 2 

0-8 

Percentage between ±1 0 deviatioa 

20 

24 

22 

Percentage between ±2 0 deviation 

40 

44 

42 

Percentage over +4 0 deviation 

44 

32 

38 
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the Witmer Cylinder of both groups. The differences between the 
mean test ages on the Witmer Cylinder and on the Binet for the 
Adjusted and the Maladjusted are 19 44±443 and 19.36±4 92 
respectively, and their critical latios are 4 39 and 3 94 respectively. 
As in the case of the Witmer Formboard, both the Adjusted and the 
Maladjusted scored higher on the Witmer Cylindei than on the 
Binet test Howevei, from the standpoint of differentiating the 
Maladjusted, both of these performance test ages appear to be of 
no value. 

In Table 3 further analysis of the distiibution of the differences 
between the Binet and the Witmer Cylindei test ages of the two 
gioups is given. The tendency for both groups to score higher on 
the Cylindei than on the Binet is not as pronounced as in the case 
of the Witmer Formboard. SiYty-two per cent of each group 
scored higher on the Cylinder than on the Bmet The mean plus 
difference between the Cylinder and the Binet test ages for the 
Adjusted and the Maladjusted are thice years ten months, and four 
years four months respectively The mean minus differences between 
the Cylinder and the Bmet test ages for the two groups are one 
year six months, and one year eleven months respectively: 28 per 
cent of the Adjusted and 32 per cent of the Maladjusted scored 
four years and above higher on the Witmer Cylinder than on the 
Binet scale. This difference between the two groups is, therefore, 
insignificant and statistically unreliable. 

The Cornell-Goxe Pejformance Ability Scale. Cornell and Coxe 
(3) studied some of the possible interpretations or reasons for differ¬ 
ences between the results of the Bmet tests and performance scale 
tests. The following six tests of the Comell-Coxe performance 
scale were used: Manikin-Profile, Kohs Block Designs, Picture Ar¬ 
rangement; Digit Symbol Substitution; Memory for Designs; and 
Cube Construction The directions foi administering and scoring 
the tests used were those given by Coinell and Coxe 

From Table 1 it follows that the differences between the Cornell- 
Coxc and the Bmet test ages for the Adjusted and the Maladjusted 
are 21,64it:3.58 and 1444±3 62 respectively, and their critical 
ratios are 6 04 and 4 57 respectively In other woids, there is con¬ 
clusive evidence that both the Adjusted and the Maladjusted men¬ 
tally deficients will always score higher on the Cornell-Coxe 
performance scale than on the Binet scale This finding agrees with 
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TABLE 3 


Distribution or Differences between the Witmbr Cylinder and the Binet 
Test Ages in Years and Months or the Adjusted and Maladjusted 


Witmer Cylinder 
test Qge 
minus Binet 
test nge 

Adjusted 

Maladjusted 

Adjusted 

and 

maladjusted 

+8 6 

0 

1 

1 

+8'0 

1 

1 

2 

+7 6 

2 

0 

2 

+ 7 0 

3 

4 

7 

+6,6 

1 

3 

4 

+6 0 

1 

0 

1 

+ 5 6 

1 

3 

4 

+ 5 0 

2 

1 

3 

+4 6 

3 

2 

5 

+4 0 

0 

1 

1 

+3.6 

3 

1 

4 

+3'0 

1 

1 

2 

+2-6 

0 

1 

1 

+2 0 

3 

2 

5 

+ 1.6 

3 

1 

4 

+ 1 0 

3 

3 

6 

+ ‘6 

1 

2 

3 

Less than + 6 

3 

4 

7 

Less than — 6 

0 

1 

1 

— .6 

4 

2 

6 

—1 0 

5 

2 

7 

—1 -6 

2 

5 

7 

—2 0 

3 

1 

4 

—2 6 

1 

2 

3 

—3’0 

0 

2 

2 

—3,6 

1 

2 

3 

-^,0 

1 

2 

3 

—4 6 

2 

0 

2 

N 

50 

50 

100 

Percentage Witmer Cylinder T A, 

higher than Binet TA. 

62 

62 

62 

Percentage Witmer Cylinder T A 

lower than Binet TA 

38 

38 

38 

Median Witmer Cylinder T A. 

higher than Bmet T A 

3 10 

4 4 

3-10 

Q Witmer Cylinder TA 

highei than Binet TA 

2 3 

2 8 

2 7 

Median Witmer Cylinder TA 

lower than Binet T A 

0 U 

1 0 

1 0 

Q Witmer Cylinder TA 

lower than Binet TA 

1 6 

1 n 

1 9 

Percentage between ±1 0 clevintion 

16 

18 

17 

Percentage between ±2 0 deviation 

42 

40 

41 

Percentage over +4 0 deviation 

2S 

32 

30 
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the previous ones as regards the performance level of the two groups 
on the Witmer Formboard and the Cylinder. In the case of the 
Witmer Formboard, however, the mean test ages of the two groups 
were almost as high as the average for the normal unselected popu¬ 
lation. While in the case of the Cornell-Coxe pcrfoimance scale, 
the mean test ages for both groups are nearer to their own Binet 
general mental level than to that of an unsclected group. This 
would indicate that the mentally deficients as a group may score 
average on a simple performance type of test However, when they 
aie tested on a more complex type of performance scale, they func¬ 
tion, as a rule, on a level nearer to their own Binet general mental 
level than to the average for an unselected group 
In Table 4 a further analysis of the differences between the Cor¬ 
nell-Coxe pcrfoimance and the Binet test ages of the two groups is 
given It appears veiy clearly from this table, as was already 
pointed out, that both the Adjusted and Maladjusted mentally 
deficients tend to score not very much higher on the Cornell-Coxe 
performance scale than on the Binet, Eighty-two per cent of the 
Adjusted and 76 per cent of the Maladjusted scored higher on the 
Cornell-Coxe scale than on the Binet. The median increases from 
the Binet to the Cornell-Coxe scale foi the Adjusted and Malad¬ 
justed were one year nine months, and one year six months respec¬ 
tively. Eighteen per cent of the Adjusted and six per cent of the 
Maladjusted scored four or more years higher on the Cornell-Coxe 
scale than on the Binet. The percentage difference being 12i:4.31, 
it follows that there is a maiked probability that this difference 
between the two groups is a true one; that is, there seems to be 
experimental evidence in this study that the Maladjusted will have 
more individuals than the Adjusted scoring four or more years 
higher on the Cornell-Coxe scale than on the Binet. This finding 
loses a part of its diagnostic value in view of the fact that'60 per 
cent of the Adjusted and 62 per cent of the Maladjusted scored 
between plus or minus two years difference between the Cornell- 
Coxe and Binet test ages. 

The Kent-Shakou) Graded Foitnboaid Series. The clinical model 
of the Kent-Shakow Formboard (5) was used m this study A 
preliminary tryout of the test has shown that by far the great 
majority of the mentally deficient subject, functioning on the high- 
grade nvererv level, eawnot pass any oi the tests above the 3D form 



MOSHB BRILL 


209 


TABLE 4 


DISTRIDUTION OF THE DIFFERENCES BETWEEN THE CORNELL-COXE PERFORMANCB 
AND THE BiNET TEST AgE3 IN YEARS AND MONTHS OF THE 

Adjusted and Maladjusted 


Corncll-Coxe 

Performance 
test age 
minus Binet 

test age Adjusted 

Maladjusted 

Adjusted 

and 

maladjusted 

-t-7 6 

1 

1 

2 

+ 6 6 

1 

0 

1 

+ 5 6 

2 

1 

3 

+ S 0 

2 

0 

2 

+4 6 

2 

1 

3 

++ 0 

1 

0 

1 

+3 6 

3 

3 

6 

+ 3 0 

2 

2 

4 

+ 2 6 

3 

7 

10 

+2 0 

2 

0 

2 

+ 1 6 

5 

5 

10 

+ 1 0 

8 

6 

14 

+ '6 

6 

7 

13 

less than + 6 

3 

5 

8 

0 

0 

2 

2 

less than — 6 

3 

2 

S 

_ 6 

0 

2 

2 

—1 0 

4 

2 

6 

—1 -6 

1 

0 

1 

—2 0 

0 

1 

1 

—2 6 

0 

2 

2 

—3 D 


1 

1 

—5 '0 

1 

0 

1 

N 

50 

50 

100 

Percentage Cornell-Coxe Ferfarmance 

TA higher than Binet TA 

82 

76 

79 

Percentage Cornell-Coxe Performance 

T,A. lower than Binet TA 

IS 

20 

19 

Percentage Cornell-Coxe Performance 

TA equal to Binet TA 

0 

4 

2 

Median Cornell-Coxe Performance 

TA higher than Binet TA 

1*9 

1 6 

1*7 

Q Cornell-Coxe Performance 

TA. higher than Binet TA 

1 4 

I'O 

IM 

Median Cornell-Coxe Performance 

TA lower than Binet TA 

1‘1 

1 2 

1:1 

Q Cornell-Coxe Performance 

T,A lower than Binet TA 

0 7 

1 0 

1-0 

Percentage between ±1'0 deviation 

24 

36 

30 

Percentage between ±2 0 deviation 

60 

62 

61 

Percentage over +4.0 deviation 

18 

6 

12 
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The following forms were therefore used: 2S, 2D, 3S, and 3D. 
This formboaid, from a general clinical viewpoint, is most valuable 
for the study of the individual’s ways of meeting new problems and 
making necessary adjustments to novel situations. This test is 
particularly valuable for the clinician in observing the individual 
who fails to profit by experience, the one who ordinarily uses a hit 
or miss method in meeting novel situations, or the individual who 
carefully plans his performance, who profits by previous experiences, 
and who is able to generalize his experience and thereby bring about 
considerable transfer. It is doubtful whether such clinical observa¬ 
tions on the values of this formboard series can be expressed in terms 
of end-scores. However, it is significant to note that of a number 
of formboards used, the Kent-Shakow Formboard 2S has shown 
definite indications of possessing differentiating qualities with regard 
to social adjustment. 

It appears from Table 1 that, with each successive form of this 
series, the more difficult the form becomes, the less reliable 
the difference between the two groups The critical ratios become 
smaller and the sigmas become more alike; the amount of over¬ 
lapping between the distributions of the two groups also increases 
with each successive form. There are 95 chances in 100 that the 
Adjusted will always score higher on the Kent-Shakow Form 2S. 
In the case of the Form 3D, the chances arc only 58 in 100 that the 
Adjusted will always score higher than the Maladjusted, From 
the standpoint of differentiating the maladjusted, then. Form 2S 
is superior to the succeeding forms. The more difficult they become, 
the less do they differentiate with regard to adjustment. 

Intercorrelations The intercorrelations between the various psy¬ 
chometrics used in this study are given in Table 5 for the Adjusted, 
the Maladjusted, and for both groups combined. All of the inter- 
corrclations are positive, and range between 120-.841 for the Ad¬ 
justed, 186-,765 for the Maladjusted, and 243-687 for both 
groups combined. Twenty-eight intercorrelations are given for each 
group in Table 5. In 12 of these, the coefficients of r are higher, 
and in 16 they are lower for the Adjusted than for the Maladjusted 
There appears to be a higher consistency between the Binet and 
the various performance test ages of the Maladjusted than the 
Adjusted. This difference between the two groups is not suffi¬ 
ciently high for predictive purposes. The intercorrelations between 
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the various performance tests used are not sufficiently high for pre¬ 
diction In the case of the Adjusted, theraivas found to be a closer 
relationship between the levels of performance on the various forms 
of the Kent-Shakow Formboard series than in the case of the 
Maladjusted One might therefore conclude that the Adjusted are 
more consistent than the Maladjusted in their performance on the 
Kent-Shakow Formboard series 

Summary and Conclusions 

A comparative study was made of the performance of 50 verv 
well-adjusted and 50 seriously maladjusted mentally deficient boys 
in an institution, on the Witmer Formboaid, Witmer Cylinder, 
Cornell-Coxc Performance Ability scale, and the Kent-Shakow 
Graded Formboard series. The specific questions to be answered 
m this study were. (1) Do the perfoimancc test ages and scores 
differentiate the Adjusted fiom the Maladjusted'* (2) Does the 
difference between the Bmet and the performance test ages differen¬ 
tiate between the adjusted and the maladjusted mentally deficientboy? 
and (3) What is the relationship between the psychometrics in this 
study? The two groups were highly equated in nationality, race, 
sex, chronological age, Binet test age, number of months in the 
institution, and in geneial physical health The only outstanding 
difference between the two groups was in the matter of continuous 
social adjustment. This difference was shown to be conclusively 
reliable by comparing the Vineland Adjustment Score Card scores 
of the two groups, and their adjustment and behavioi records in 
the institution for the past two and a half vears. The following 
conclusions may be drawn from this study. 

1. None of the performance test ages or scores differentiated 
conclusively between the Adjusted and Maladjusted. 

2. There is a marked probability that the Adjusted will always 
score higher on the Kent-Shakow Formboaid 2S. There is a ten¬ 
dency towards a true difference between the Adjusted and Malad¬ 
justed in the Kent-Shakow Formboards 2D. and 3S, the Cornell-Coxe 
and the Witmer Formboard test a^s. In these four tests the 
Adjusted scored higher than the Maladjusted The peiformance 
of the Adjusted is much like that of the Maladjusted in the Kent- 
Shakow Formboard 3D and the Witmer Cylinder. 
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3 The more difficult the performance test, the less docs It 
difterentiate between the Adjusted and Maladjusted This is well 
illustrated in the case of the Kent-Shakow Formboard senes. With 
each successive form, that is, the more difficult the form becomes, 
the less it diffeientiates between the two groups The difference be¬ 
tween the central tendencies of the Adjusted and Maladjusted de¬ 
creases and the amount of overlapping between their distiibutions 
increases. 

4. Both the Adjusted and the Maladjusted score higher on per¬ 
formance tests than on the Binet scale. On a simple performance 
test, such as the Witmer Formboard, the high-grade mentally de¬ 
ficient adolescent or adult scores on a level not much lower than that 
of the average for an unselected gioup. However, on more complex 
pcrfoimance scales, such as the Cornell-Coxe, the high-grade men¬ 
tally deficient tends to score on a level nearer his own Binet general 
mental level 

5 There is no evidence in the present study that a difference 
of four years between the Binet and all performance test ages is 
indicative of maladjustment or instability. However, there is evi¬ 
dence in this study that a diffcience of plus four years or more be¬ 
tween the Cornell-Coxe performance and the Binet test age is indica¬ 
tive of maladjustment oi instability 

6. There appeals to be a more consistent relationship between the 
Binet peiformance test age of the Maladjusted than the Adjusted. 
However, this difterence between the two groups is not sufficiently 
high for diagnostic puiposes. 

7 The Kent-Shakow Giaded Formboaid senes was found very 
valuable in the clinical obseivations of maladjusted individuals It 
is doubtful whethei such clinical values may be expiessed in terms 
of end-scores. However, it is significant to note that the Kent- 
Shakow Formboaid 2S has shown definite indications of possessing 
differentiating qualities with legard to social adjustment In the 
Kent-Shakow senes there was found to be greater consistency in the 
perfoimance of the Adjusted than of the Maladjusted. 

In conclusion, there is evidence in this study that performance 
tests and scales may be used to considerable advantage in the diagno¬ 
sis of maladjustment or instability in high-grade mentally deficient 
boys In this lespect, the perfoimance scale seems to be superior 
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to tile relatively simpler performance tests of the Witmer Formboard 
type. The results of this study suggest the need for further research 
on the value of performance tests and scales in the diagnosis of mal¬ 
adjustment or instability in individuals functioning on an average 
or above average general mental level. 
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ADULT STATUS OF HIGHLY INTELLIGENT 
CHILDREN* 


From the Department of Psychology of Teachers College, 
Cohtittbta University 


Irving Lorge and Leta S Hollingworth 


The Problem Stated 

The present study originated in the attempt of the Institute of 
Educational Research, at Teacliers College, to establish “tops” for 
tests of adult intelligence and of mental ■vvoik. In pursuit of this 
aim, in May, 1934, the cooperation was secured of two boys who in 
childhood had tested at 1904-IQ and 188-[-IQ) respectively, by 
Stanfoid-Binet (in neither case having been fully measuied, however, 
because of having “gone through the top” of Stanford-Bmet when 
fiist tested at the age of nine years). These boys are recorded as 
Child 1 and Child 2, in Table 1 of this study. 

These two boys, being tested at 21 years 0 month and 19 years 
6 months of age, respectively, “found the tops” so far established on 
the CAVD Tests of the lER senes (18), and also approached 
the limits of the available tests of General Culture and of General 
Scientific Information, hereinafter to be described. 

This consistency with childhood’s performances, twelve and ten 
years earliei, stimulated the investigatois to seek the cooperation of 
other persons who had been tested m childhood, of various degiees 
of intelligence above the aveiage Five specific questions were 
formulated. (1) To what extent is status on CAVD at maturity 
predictable from status on Stanford-Binet in childhood? (2) What 
is the extent of difference in General Culture and in General Scien¬ 
tific Information at maturity, between persons who tested above 180 
IQ (S-B) in childhood and those who tested at lower levels in 
childhood? (3) Is any consistent specialization m mental abilities 
discernible, from childhood to maturity? (4) At what degree of 
intelligence, in teims of IQ (S-B), is the woid “genius” justified, 
if at all? (5) At what point on the scale of IQ (S-B) obtained in 

*jlecfijved m the Editorial Office, January 10, 1936 
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childhood will individuals later prove “unmeasurable” by available 
tests of adult intelligence? 

Previous Literature of the Subject 

The literature dealing precisely and venfiably with the develop¬ 
ment of the highly intelligent is as yet very fiagmentary. It has 
been summarized in a recent study by one of the piesent investiga¬ 
tors (12). Baldwin and Stecher (1) studying children clustering 
around 120 IQ (S-B) showed that such children remain constantly 
above average, as they approach maturity. Terman (15) has proved 
that 292 children testing above 140 IQ (S-B) earned high scores 
in group intelligence tests, as adolescents. Hollmgworth and Kau- 
nitz (12) found that 116 young children, testing in the hundredth 
centile by S-B, maintained their status in the top three centiles of 
the white draft on Army Alpha, in its vaiious foims, when past 
15 years of age, though not yet fully mature Duff (9) followed 
73 children of IQ above 136, and found them foui yeais later to be 
superior in scholastic studies, in teachers’ ratings and in other re¬ 
spects, but he did not retest them. 

The Persons Tested 

In 1922, a group of young childre;i then seven to nine years old, 
testing at or above 130 IQ (S-B), were identified for purposes of 
educational experimentation at Public School 165, Manhattan, in 
New York City (3) The mental status and accomplishment of 
these children were made matters of peimanent, cumulative record. 
During 1934 and 1935, 18 of these persons took the tests formulated 
for adults, hereinafter described, at the request of the investigators 
To these were added three other persons, who had tested above 170 
IQ (S-B) in childhood. The persons are numbered here, in Table 
1, in accordance with the numbers assigned to them in a previous 
study (12), the three not there Included being assigned letters 
Child E is from the research files of one of the present investigators 
(11). Child D has been previously reported by Terman (14). 
Child E B. is from the records of Stedman (13), IQ’s (S-B) of 175 
and 214 having been found at various times during childhood. E.B *s 
performance at maturity rates her with our children who tested 
between 170 and 180 IQ (S-B), and we have therefore considered 
the first rating of 175 IQ to be correct m her case 
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Tests Given in Childhood 

The children herein observed during development were measured 
in 1922 and subsequently by meiins of a wide variety of physical 
and mental tests (16) For purposes of the present study, we have 
assembled first Stanford-Binet, Stanford Achievement Tests given 
in 1924 or early in 1925, Army Alpha Tests at irregular intervals, 
and CAVD tests (given in a few instances in immaturity), Status 
in these tests is proved against status in the tests given m 1934 and 
1935, when the persons were at or near maturity. 

Tests Given at Maturity 

The tests used in this survey, at maturity of the persons tested, 
weie the I E.R Intelligence Scale CAVD, Levels N-Q, in one of 
the newly standardized objcctive-type foims (18) ; The Coopeiative 
General Culture Test, Form 1933, or Form 1934; The Coopera¬ 
tive Geneial Science Test, Form 1933, the Beinreutei Peisonality 
Inventory, and the Strong Vocational Interest Inventory. This 
paper is concerned only with the tests of intellect, culture, and scien¬ 
tific information The IE R. Intelligence Scale CAVD is a 
power intelligence test, given without time limit,’- and developed pri¬ 
marily as a research instrument iu the measurement of intelligence 
(17). The Cooperative Tests of Geneial Cultuie and of General 
Science are parts of a large batteiy of achievement tests developed 
by the Cooperative Test Service, for use by the Committee in Edu¬ 
cational Testing, a sub-committee of the Central Committee on 
Personnel, of the American Council on Education, in connection 
with Its puipose of encouraging the use of standardized tests in high 
scliools and in colleges (4, 5). The leliabilities of these three in¬ 
struments are very high' .9287 (split-half raised by Spearman-Brown 
formula) for the Geneial Science; .9782 (split-half raised by 
Speaiman-Brown formula) for Geneial Culture, Form 1933, and 
9086 (alternate foims) for the lER Intelligence Scale CAVD 

’It 19 necessary to state here that the CAVD test calls for "iiiilimited 
time” Our subjects had “unlimited time" only in the sense that they -were 
allowed eight hours in which to accomplish all of the tests here mentioned 
Strictly speaking, their time for the CAVD -was confined to whatever was 
left from performance of the time-limited tests, in most cases about four 
hours This restriction applied to all of those herein compared, so that 
our comparisons herein made relate to uniform conditions, but somewhat 
higlier scores for some or all might have been obtained had the subjects 
been allowed to work till they had stated that they could do no more 
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Results 

In Table 1 are presented the data accumulated from examinations 
made in childhood, as well as the data collected currently, and the 
present educational status of the subjects The General Culture, 
Form 1933, scores were converted to 1934 values by means of equiva¬ 
lence tables (6). 

In order to interpret the end tests of the current study, percentile 
tables were prepared, based on senior and junior classes of colleges 
participating m the Cooperative Testing Program for General Sci¬ 
ence, Form 1933 (7), for General Culture, Form 1934 (8), as 
well as a table of quartlle points for selected populations tested by 

CAVD (Table 3). 

For 16 of our cases there are complete data for (1) first Stanford- 
Binet IQ, (2) the last Army Alpha given, (3) the CAVD at 
maturity, (4) Cooperative General Science Test, and (5) Coopera¬ 
tive General Culture Test. For these 16 cases, all the intercorrela- 
tions were computed These mtercorrelations are reported in 
Table 2 

The correlation of the Stanford-Binct IQ (one trial only) taken 
at ages seven to nine, with Aimy Alpha (one trial only) taken at 
ages 16 to 19 is as high as the correlation of the Stanford-Binet IQ 
and the CAVD at maturity Considering the fact that the reli¬ 
ability of the Stanford-Binet declines in five years from 889 to 698, 
according to the formula 1.415 — .00916/ where 2 = Fisher's 
function, j4[log(l + r)—log(l — r)] and t is the time in 
months (19), and that this diminution of the correlation between 
Stanford-Binet IQ's with the lapse of time has been found by vari¬ 
ous investigators (2), we can estimate that the correlation between 
Stanfoid’Binet IQ and CAVD, freed from attenuation, is about 85. 
This correlation is indicative of the fact that the early IQ (S-B) 
and the CAVD arc essentially measurements of the same basic 
community of function By the same argument, the relationship 
between IQ in childhood anti Aimy Alpha in adolescence is indica¬ 
tive of a similar community. For these gifted individuals (albeit 
there aie so few studied) superior status on the Stanford-Binet at 
or near ages seven to nine is highly predictive of status on Army 
Alpha at or near 16 to 19 years of age, and of status on CAVD at 
or near maturity. 
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TABLE 2 

The intercorrelattone among the five variables (1) first Stanford-Binet IQ, 
(2) last Army Alpha given, (3) the CAVD at or near maturity, (4) Co¬ 
operative General Science, and (5) Cooperative Genera! Culture, for 16 
cases for whom complete records were available 


Variable 

2 

3 

4 

5 

1 

6i 

67 

4S 

47 

2 


62 

59 

52 

3 



44 

75 

+ 




26 


In refeience to the Cooperative Achievement Tests, it is clear that 
CAVD IS more closely associated with General Culture than with 
General Science This is most vividly demonstrated by the per¬ 
centile values foi the two tests The range in peicentilc foi General 
Culture IS from 72 to 100 or > and for Gencial Science from 10 
to 100 or >. There obviously is a spccilicitv of success for Science 
as compaied with General Culture. The correlation between these 

TABLE 3 

The PrRccNTU.E Vm.ues ov Certain Tests Used with Known HtoHLt 
Intelligent Children at or Near Maturity in Terms 
or Specified Populations 

I. E R Intelligence Scale CAVD 
Teachers 

General Science General Culture college Law Law 

Foim 1933 Form 193+ AM school school 

Juniors Seniors Juniors Seniors candidates freshmen freshmen 
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163 
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35 

126 

140 




25 

37 
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113 
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32 
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114 




16 

30 

28 

91 

108 




10 

25 

21 

7+ 

9+ 




7 

23 

19 

67 

84 




3 

19 

12 

5+ 

69 




1 

13 

1 

44 

61 







224 


TOURNAL OF GENETIC PSYCHOLOGY 


two variables of 26 may be interpreted through the coefficient of 
alienation as indicative of this specificity 

The results for the CAVD as interpreted through the noims ob¬ 
tained on selected populations show that highly intelligent children 
(of IQ 140 and above) fall within the upper quartile of the college 
graduate population of the United States, when they are at or near 
maturity. 

Critique of the Concept of “Genius” as Applied in Terms 

OF IQ 

The term “genius” has been used by Terman (15), and following 
him by many others, to denote children testing at or above 140 IQ 
(S-I5) In the light of the developmental data herein presented, it 
would appeal that the term “genius” is thus misapplied, unless we 
wish to define ns “geniuses” persons who represent approximately the 
best fourth of all students graduating from American colleges 

Of individuals here followed to early maturity, those who test at 
about 140 IQ (S-B) are found to define approximately the 75th 
percentile of college graduates, taking it the country ovei They 
are far from “genius,” if by that term is to be meant the degree of 
mental ability that is capable of outstanding oiiginal intellectual 
achievement. It is only when we have an IQ (S-B) of at least 160 
in a child, that we mav begin to expect mildiv noteworthy ac¬ 
complishments, such as the winning of “honois” in a first class 
college. Very rarely are “honors” won in firs^t class colleges by 
those who test below this status in childhood The small sample 
of college graduates here presented is truly representative of the 
much larger sample in oui files (not tested by our end tests) in 
this respect 

Of primaiy inteiest to the present investigators is the subsequent 
history of those who in childhood have achieved the extremely infre¬ 
quent rating of 180 IQ or higher. At maturity, will these persons 
still stand out from their contemporaries in mental tests and in 
achievement? 

This question is answered affirmatively by our data The five 
children here included, who achieved K^’s (S-B) on fint test in 
childhood of more than 180 are they who “find the tops” on CAVD, 
at maturity. Every one of these top-rank persons is noteworthy 
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fimong contemporaiies Before the age of 22, in all cases, one had 
prosecuted reseaich in history, one in. mathematics; one m chess. 
Two had become established m learned professions. One stood 
high in the national ranking for chess A long list of medals 
and prizes had been won by them All but one of those graduated 
from college had been elected to Phi Beta Kappa 

These unusual achievements show how children testing above 
180 IQ rise above the generality of the college populations, in adoles¬ 
cence and in eaily maturity. None of those who tested in childhood 
around 140, 150, or 160 IQ (S-B) approaches these in honors and 
prizes won, or in test scores, at matuiity. 

This is, perhaps, the most significant fact to be deiived fiom our 
data, that the children who test at and above 180 IQ constitute the 
"top” among college graduates. They are the students of w'hom 
one may con/idendy predict that they will win honors and prizes, 
foi intellectual work 

Furthermore, it is shown that at approximately 190 IQ (S-B), 
individuals "go through the ceiling*’ of available tests for adult 
intelligence, by the time they are 21 years old. We cannot at pres¬ 
ent distribute these persons, at maturity 

Perhaps this is the point at which the term "genius” begins to 
apply, I e, at 01 near IQ 180 (S-B), if we adhere to the dictionary 
definition of the word, “Exalted intellectual power, marked by an 
extraordinaiy faculty for original creation, expression, or achieve¬ 
ment” (10), which is beyond the readi of available modes of meas- 
uiement, in its maturity * 
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BEHAVIOR OF WHITE RATS IN A MAZE REQUIRING DELAYED 

RESPONSE* 

C K Trueblood, W. E. Boutblle, and A E. Vaughn 

The experiment reported here is concerned with the behavior of white 
rats on a maze requiring delayed response, analogous to that described by 
Carmichael and Marks (1) 

The maze, made of portable segments 34 inches long by 2 inches wide, 
elevated 18 inches above the floor, was arranged as shown in the accom¬ 
panying diagram It may be considered as two mazes with a common 
segment If the rat Is staited at A, it can obtain food only by following 
the path designated as Al, A2, Ai, etc This mny be called Maze A 



If started at B it can obtain food only by following the path designated as 
Bl, B2, etc. This may be called Ma/e B The food box, located at F, was 
constructed so that the rat’s access to it was from one side only, the position 

*The writers acknowledge indebtedness to Professor Leonard Carmichael, 
who suggested the experiment, and to Mr B. H Riskin who earned out 
preliminary trials 
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of the accessible aide being nlternated in accordance with the maze re¬ 
sponse) A or B, -which the animal, at the moment, was expected to make, 
A screen of composition-board, 8 inches by 20 inches, mounted on a standard 
separate from the maze, was so placed ns to cut oif the view of the food 
box from any part of the common segment {AlBl), 

The animals were without food 22 to 23 hours preceding each day’s 
trials During the trials each animal was allowed to eat at the food box 
for 10 to 20 seconds after each correct performance All were fed at the 
conclusion of the experimental session The food was McCtillom's diet 
(2, p SS), to which had been added powdered skim milk, one part in 
eleven, It was fed uncooked, as a mixed meal. The quantity varied from 
two to six grams daily to each rat, according to the condition and per¬ 
formances of the animal, At the beginning of training it was two grama, 
but was increased as training progressed until the optimum consistent with 
the best performance and condition of each animal was found. A small 
quantity of fresh lettuce was also fed daily 

The experiment was carried out in a third-flooi room, lighted only by a 
single 40-watt light, suspended (owing to a rather low ceiling) approxi¬ 
mately 30 inches above the center of the maze. On the 19th experimental 
day this lamp was shielded with an inverted shade which reflected the 
light to ceiling, thus substituting indirect for direct lighting Under the 
previous arrangement the performances of the animal had appeared to be 
slightly affected by the proximity of the source of light 

The animals were kept in one locality in the room in which the maze 
was situated They were carried by hand from the living cage to the 
starting point of the maze. The time required for the animal to traverse 
the maze from starting point to food box was taken with a stop watch. 
Errors consisted of any deviations from the true path of the maze, A or B, 
on which the animal had been started. An error was counted if the head 
and forelimbs of the animal crossed the junction of a segment which was 
not a part of the true path for that particular trial Retradngs were also 
counted as errors, one error for each maze segment traversed In the wrong 
direction 

The duration of the experiment was 5+ days. The initial training ’lenes, 
carried out with six male rata, 120 days old, consisted in training the ani¬ 
mals to traverse maze A until they had reached the criterion of learning 
which had been chosen—13 consecutive trials without error When the 
criterion had been reached on maze A^ the rats were trained on maze B 
When Q had been mastered they were retrained to the cnteiion on A; 
then again on B to the criterion. At this stage of the experiment only three 
of the SIX animals succeeded in reaching the criterion These three animals 
were then required to tun both mazes according to an irregulai pattern of 
alternation. If the animal began the day’s trials on A, the sequence of the 
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12 trials was ABBA AABBBAAJi If it began on B, the sequence 
was the reverse, i e,, B A A B, etc. 

Of the three animals which successfully reached this stage of the experi' 
ment, Rat 1 began a aeries of nine consecutive trials without error at the 
35th trial of irregular alternation {189th of the total series) It made a 
further record of 12 consecutive trials without error beginning with the 
45th trial of irregular alternation (199th of total senes), and a final record of 
80 without error beginning at the 127th trial of irregular alternation (281st 
of the series) The average performance times of this animal were (u) 
for the first ten trials of irregular alternation, 7 07 seconds with a mean 
variation of 2 29 seconds; (i) for the first nine consecutive trials without 
error, 3 9 seconds with a mean variation of 25 seconds; tjn>es for subsequent 
senes without error did not vary significantly from this 

Rat 2 began a scries of eight consecutive trials without error at the 15th 
trial of irregular alternation (204th of the series). It made a further record 
of 15 consecutive trials without error beginning at the 55th trial of irregular 
alternation (245t!i of senes) Aveiage pertormance times of this animal 
were: (it) for the first ten trials of irregular alternation, 4 9 seconds with 
B mean variation of 1 4 seconds, (^) for the first eight consecutive trials 
without error, 4 0 seconds with a mean variation of 9 seconds, this value 
being representative of subsequent correct performances 

Rat 3 made two sets of five consecutive trials without error beginning 
at the 34th and 49th trials of irregular alternation (214th and 229th of 
senes) but had not exceeded this record by the 78th trial of irregular 
alternation, when it became necessary to discontinue the experiment Aver¬ 
age performance times of this animal were (a) for the first ten triafs of 
irregular alternation, 6 9 seconds with a mean variation of 3.2 seconds; {h) 
for the first set of five trials without error, 3 6 seconds with a mean varia¬ 
tion of 14 seconds The other series did not vary significantly from this 

Errors made during the trials with irregular alternation were of various 
sorts Miscellaneous errors, possibly irrelevant to learning, occurred in the 
earliei parts of the experiment, apparently because of the retention of 
particles of food by the animal from its feeding at the conclusion of a pre¬ 
ceding correct trial These were reduced by taking care that the rat had 
no food in its mouth when starting a new response. Another type of 
error, more significant to learning, appeared relatively early m the inegu- 
lar alternation senes, and also later on occasions when the animal ap¬ 
peared to have been slightly disturbed The rat would run from the start¬ 
ing point of the B response to the starting point of the A response, and then 
try to complete the A response. The majority of the errors relevant to 
learning, however, occurred at the critical point of the maze (+ of the 
diagram). The animal, running rapidly, would make a wrong turn at 
the critical point, but would stop before reaching the final segment on 



230 


JOURNAL OF GENETIC PSYCHOLOGY 


which the food box was placed, and would then run back, continuing past 
the critical point to the correct response These erroneous runs past the 
critical point shortened as learning progiessed until stages were reached, 
just prior to mastery of the problem, in which the animals could be observed 
Simply to stop at the critical point, turn the head to right and left, start 
with head and forefeet to the right, draw back, start to the left, draw back, 
continuing thus for several times before finally completing the response 
Occasionally they would run slightly beyond the critical point, atop, run 
back slightly beyond it in the opposite direction, reverse again, and so 
continue for several pendulum-like repetitions before concluding the re¬ 
sponse. 

As learning approached mastery, however, this behavior gave place to a 
rapid, unhesitating form of response in which the animal exhibited signs of 
maintained orientation from the beginning of the response The rat 
"pointed" with nose, head, and forebody in the direction in which it was 
going to turn before each turn was made “Pointing” was exhibited before 
the animal had left the first segment of the maze, and was most manifest 
on the common segment before the critical point was reached 

Clearly marked bodily orientation Wfts not an invariably noted condition 
of a successful response, but it was chainctenstic of the majority of the 
successful responses, and U was not exhibited by animals which made no 
progress at the problem The inference may accordingly be suggested that 
in this delayed response of the rat, ns m those studied by Hunter (3), main¬ 
tenance of bodily orientation is, for some animals, an important condition 
of successful delay 

McAllister (4) and Wilson (S) have reported delayed lesponses of tats 
under conditions simitar to the present ones in that the animal is moving 
during the period of delay Both of these investigators consider that 
in some of their successful animals bodily orientation was not maintained 
during the period of delay “Reaction in the situation present in this study,” 
McAllister notes (4, p. 101), "was found, at least in some cases, not to be 
on the basis of overt bodily attitudes,” However, of the 25 rats trained 
In his situations, four only appear to have been able to develop successful 
delayed responses in the face of obstacles (such as being required to dig 
through sand, or to go through a 180-degree reversal of their path) which 
could be regarded as adequate controls of overt bodily attitudes 

Wilson states (5, p. 47) in reference to successful delayed responses 
secured by him, "Gross motor posturing is not necessary for effecting the 
delayed response in this problem, since the animal was required to traverse 
a distance varying from 8 to 60 inches during the delay period ” It is 
possible, however, that mere variations in distance traversed are not a 
sufficient chebk against overt bodily attitudes in the animal. It is to be 
noted that behavior characteristic of the successful delayed response under 
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Wilson's conditions, as he himself states, is “behavior which is continuous 
and leads toward the goal without inteiruptioQ or emotional disturbance,” 
and, conversely, that difficulty develops when there is* {a) "forced inter- 
ruption of activity during delay,” (fr) “spontaneous interruption of activity 
during delay," (r) “punishment either by shock or confinement"—all three 
conditions being such, presumably, as would impair or shatter maintained 
bodily attitudes, 

It may indeed be true that some rats are capable of successful non- 
postural delayed responses, but it would seem probable that such responses 

lie close to the upper limit of the animal’s capacities and are less char¬ 

acteristic than responses made on the basis of overt bodily attitudes. 
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MAZE LEARNING AS PERCEPTION 
Donald Snygg 

Because of the groning tendency to think of problems of perception and 
learning as identical, it seems desirable to examine empirically the utility 
of such a viewpoint The Systematic advantages of such a simplification of 
laws and entities are tempting, but the ultimate test of the assumption of 
likeness between learning and perception must be its usefulness During 
a recent investigation (6) of the relative difficulty of various patterns of 
ten-section Warden multiple-U mazes it was found that the relative number 
of entries into the various blind aJlcira could hare been much better pre¬ 
dicted from configuiational theories of perception than from any current 
theory of maze learning known to the author It is the purpose of this 
paper to make a brief analysis of the data in one of the seven mazes 
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used in that experiment and to report new experimentation suggested by 
this analysis 

In the earlier investigation (6) 13 white rata were tested in the control 
B maze, an all-black Warden multiple-t/ maze of the standard LRRRLL- 
RLLR pattern (4) An equivalent group was placed in the experimental 
j3-/F maze, spatially identical to the B maze but with the walls and floor of 
the blind alley half of each section painted white Using a criterion of 
three out of four perfect runs the animals in mn^es D and learned 
their respective mazes in medians of 3+ and seven trials respectively All 
animals were, however, run for +5 trials and were then placed in the spa¬ 
tially identical “twin” maze. Group 1, which had been trained in the all¬ 
black D maze, was thus transferred to B-fF and Gioup 2 to J3 

In view of the challenged (10) theory that “rats turn to kinacsthetic cues 
and habits once the maze has been mastered,” the performance of Group 2 
in their first trial in the B maze was watched with interest These animals 
had run 45 times in the spatially identical maze, an average of 38 

trials of overlearning During their last 25 trinh they had been coriect 
in 59 6 per cent of their choices If there is any tendency for relegation 
to kinaesthetic cues to take place it should be manifest in such a group 
In any case where the animal had turned completely to such cues in the 
B-ff' maze it does not seem illogical to expect a perfect performance in 
the first attempt at maze B, 

Of the 13 animals, one {M22) did make such an errorless run, although 
even he showed a marked rise in performance time The other animals 
made from four to 26 errors each It must be considered that the per- 
/ormance of M22, in a room where the extra-maze stimuli woie unfamiliai, 
can indicate nothing but dependence upon the common feature of both 
mazes, their spatial pattern. There still remained the possibility that the 
other animals may have been prevented from using the same method by 
distracting features of the new situation If so, they should have made 
a rapid improvement to errorless performance as soon as they became 
accustomed to the new conditions This did not occur The median trial 
at which this group learned the B maze was the 45th, while the untrained 
group 1 had met the same criterion at the 34th trial This would indicate 
that 12 out of the 13 rats could not run correctly a spatially identical maze 
under different sensory conditions, even after considerable overlearning 

However, animal M22 had obviously responded to pattern or he would 
not have been able to run maze B without error on his first trial IC is not 
necessary to assume, however, that such response to maze pattern implies 
kinaesthetic control or that it is the final stage ip learning At the 40tli 
trial in maze B the first and second sections of the maze were interchanged. 
At this point M22 had made 73 consecutive errorless runs, 34 in B-lf' and 
39 in maze B If the performance were controlled by kmaesthesis the 
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shift in the two sections would have had no effect If the iierfotmance 
were controlled in the same way ns it had been on his first trip through 
the maze the transposition would have had no effect In following the 
correct path in this LRR^RLLRLLR maze the first turn is to the left and 
the second to the right When the starting-box door was lifted the ani¬ 
mal, after having turned left at this point for 73 consecutive trials, now 
turned right, making the response appropriate to section 2 in its former 
position The turn was made without hesitation and earned the animal 
well aioiind to the end of the blind alley He then turned, went to the 
entrance of the next section and there made the response appropriate to 
its former position, a left turn The rest of the lun wns made without 
error Of the 13 animals in the group, sik made errors m the shifted 
sections on this run although none had erred in this part of the maze 
during the preceding eight tiiala In addition one other animal who cus- 
tomanlj made enoiless runs made three errors farther on in the maze. 
One animal made a perfect run in spite of the change, The other three 
animals unaffected by the transposition had failed to learn the maze 

The implic.ations of these results are plain An animal formerly able 
to rim the maze without dtfferential sectional cues other than possible 
proprioceptive onei had come to rely upon localized cues m his performance, 
The animals able to run the shifted sections without error were, with one 
exception, animals who had failed to learn the maze In this case maze 
learning appears to be closely associated with the increasing differentiation 
of the various sections Complete diffeientiation to the point where the 
individual sections are cleaily distinguished n not necessary in this maze 
but the tendency is for the differentiation process to continue to that point. 

This view of maze learning as perceptual differentiation ia in full agree¬ 
ment with the findings of Perrin (5) in his investigation of maze learning 
by human subjects. He reports, “Two chronological stages were in evi¬ 
dence in the conscious part of the learning. The subject was guided in 
the first few trials by a general scheme of direction, gained when the exit 
was reached for the first time He then found that in order to perfect 
his route a number of separate segments, presenting special problems, must 
be studied “ 

Where the gross differentiation of general direction which Perrin names 
as the first stage is adequate for perfect performance, as in an LLLLL- 
LLLLL maze (6), errorless perfoimances were made almost at once Of 
the nine rats trained in this maze, two made no errors after the first trial 
and no animal entered a blind alley after the third trial The mazes in 
which the coricct path was differentiated by shade from the blind alleys so 
that the maze could be run by following a white or black path without 
specific recognition of any section or turn were also run perfectly by some 
animals on the second trial and by the majority on the third or fourth 
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la the staodard type mazea, as B, more complete differentiation would be 
nccesaary, i e., recognition of each turn or at least of those turns where a 
change of sequence takes place Thus in the D maze 
LRRRLLRLLR 
1234-56789 10 

these critical turns would be at sections 2, 5, 7, 8, and 10 Once the animal 
has become aware of a goal and its general direction from the starting 
box, the maze must be further differentiated into five segments or sub- 
problems, each one having for its immediate goal the finding of the critical 
section Results published by Spragg (8) indicate that when such a critical 
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turn is successfully made there Is an abrupt decrease in errors in the im¬ 
mediately following sections The animal has, by the successful completion 
of one Bub'task, become orientated for the attack on the next 

In any maze the differentiation of the goal out of the situation is indicated 
by the tremendous drop in performance time of the second trial as com¬ 
pared with the first. The early discovery of the general direction of the 
food box is evidenced in uni-directional mazes by the rapid drop m retraces, 
retracing being rarely found after the fifth or sixth trial (4) 

A table of the distribution of eirors made in the various sections of maze 
C strikingly shows the progressvve differentiation into sub-mazes postulated 
above 

The inadequacy of any view of maze learning as simply elimination of 
errors is at once evident Some errors are learned rather than eliminated 
In both groups more errors were made m section 4 on the 45th trial than on 
the second, in spite of the fact that the eriors on the 4Sth trial were made 
only half as many animals, half of each group having already learned the 
maze 
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FIGURE I 


essential part of the process of learning the maze Once this is done the 
maze can be run without error by the further differentiation of the crucial 
sections 2, 5, 7, 8, and 10 to the point where they can be recognized by 
definite cues The success of some animals in negotiating the maze when 
the sections have been shifted indicates that these cues may be propriocep¬ 
tive The evidence is quite definite, however, that the best performers 
came to recognize the critical sections by exteroceptive cues Of the ani¬ 
mals undisturbed by the shift of sections 1 and 2 mentioned above, only 
one animal had learned the maze, although all had learned that portion of it 
If the chief difficulty of maze learning is, as this leads us to suppose, the 
perceptual differentiation of the critical turns, any cues placed in them will 
accelerate learning Spragg (7) ran four rats in a Walton U RRRRRRRL 
pattern and found that none of them learned in lOO trials In the last fire 
trials 12 of the IS errors were made just before the crucial last section 
To investigate the effect of visual cues we placed white crayon in the 
tenth section of a Warden J3 LLLLLLLLLR maze All of the eight rata 
used had fulfilled the criterion of learning (three perfect runs out of four 
trials) by the 69th trial When the cue was emphasized by placing a sec¬ 
tion having a white blind alley in the crucial position all four of the rats 
tested learned within six trials Any maze in which the critical sections 
are clearly differentiated, either visually or otherwise, should be learned 
in fewer trials than a spatially identical maze in which the sections are 
homogeneous. 
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FIGURE I 


essential part of the process of learning the maze Once this is done the 
maze can be run without error by the further differentiation of the crucial 
sections 2, 5, 7, 8, and 10 to the point where they can be recognized by 
definite cues The success of some animals in negotiating the maze when 
the sections have been shifted indicates that these cues may be propriocep¬ 
tive The evidence is quite definite, however, that the best performers 
came to recognize the critical sections by exteroceptive cues Of the ani¬ 
mals undisturbed by the shift of sections 1 and 2 mentioned above, only 
one animal had learned the maze, although all had learned that portion of it 
If the chief difficulty of maze learning is, as this leads us to suppose, the 
perceptual differentiation of the critical turns, any cues placed in them will 
accelerate learning Spragg (7) ran four rats in a Walton U RRRRRRRL 
pattern and found that none of them learned in 100 trials In the last five 
trials 12 of the IS errors were made just before the crucial last section 
To investigate the effect of visual cues we placed white crayon in the 
tenth section of a Warden TJ LLLLLLLLLR maze All of the eight rata 
used had fulfilled the criterion of learning (three perfect runs out of four 
trials) by the 69th trial When the cue was emphasized by placing a sec¬ 
tion having a white blind alley in the crucial position all four of the rats 
tested learned within six trials Any maze in which the critical sections 
are clearly differentiated, either visually or otherwise, should be learned 
in fewer trials than a spatially identical maze in which the sections are 
homogeneous. 
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To teat this hypothesis, two mazes were set up, one the standard all¬ 
black B maze, the other a maze of the same pattern and dimensions m which 
the critical acctiona were painted white and the others black. Nine rata, 
paired {or sex and htter mates, were run in each maze Using the usual 
criterion (3-4) maze B was learned in 29 trials, the experimental maze m 
12. Only one animal learned the control maze as early as the median trial 
in the experimental maze The trials at which the criterion was satisfied 
for the mdividuai animals were* 

Experimental* 6, 6, 8, 10, 12, 13, 13, 14, 16 

Control 10 U 18 28, 29, 31, 32, 34, 45 plus 

Furthermore, if our hypothesis is correct, it should be possible to alter the 
number of non-critical sections in a sub-maze without causing errors by ani¬ 
mals using exteroceptive cues In the B maze pattern section S is non- 
cntical and section S critical. 

123456789 10 
LRRRLLRLLR 

If the animals m the experimental group had differentiated the maze into 
the sub-problems we have postulated we should expect them to make a 
specific response to 5, which must be well differentiated for errorless per¬ 
formance, and a non-specific response to section 3 Accordingly each animal 
in the experimental group, after meeting the criterion of learning, was 
tested with the maze sections shifted so that 3 followed 5 
12+5 36789 10 

LRRLLLRLLR 

Of the nine animals, seven made the specific (left) response at 5, and all 
turned left at 3, making the response appropriate to Its new position in 
the "left” sub-task following 5 instead of the "right’* response demanded 
by its former position in the pattern Although seven of the nine rats thus 
ran the changed portion of the maze without error, it is not surprising that 
four of these then turned ngbt at section 6 The short 6-7 sub-maze 
hardly requires visual diSereotiation between the sections. Accordingly 
the animals, accustomed to turn right at the second section from 5, now 
encountered the 3-6-7 sequence and turned right at 6 One of the remaining 
animals turned left at 7 and the other two ran the maze without error 
A similar test of the animals in the control B maze gave similar results 
On the 47th trial section 3 was removed from the maze, leaving the pattern: 

1 2 4 5 6 7 8 9 10 

LRRLLRLLR 

Of the eight animals who had learned the maze, six ran the new pattern 
without error, indicating specific response to 5 In this maze, however, 
section 5 would evoke this specific response only when in position at the 
end of Its own sub-maze When placed after section 1 it evoked a "right’* 
turn from every rat 
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Summary and Conclusions 

Analysis of learning and errors in multiple-£/ mazes indicates that maze 
learning is a process of increasing differentiation from the total situation, 
during which the maze is first perceived as a general path to the food-box 
and is then differentiated into sub-mazes whose solution is dependent 
upon the further diffeientiation of those sections where a change in pro¬ 
cedure IS necessary. This hypothesis is suppoited by the finding that mazes 
constructed so that the final complete differentiation of parts is either aided 
or is unnecessary are learned more easily than standard mazes of the same 
length and number of turns. We have already found (6) that when the 
adequate response may be made, as in an LLLLLLLLLL pattern maze or 
in a visual discrimination maze, not to the individuated parts of a situation 
but to a general feature or principle of the task, learning takes place much 
faster than when the more individuated response is required, The im¬ 
plication is that the less complete individuation is prior m learning, as 
Gestalt theories hold it to be in perception (1) In this case, at least, 
learning and perception can be considered equivalent. 

Using the term "critical section’' to denote any section vrherc a change 
In procedure is necessaryj the learning of homogeneous section mazes may 
be divided into three phases. In the first phase there ia a decreasing num¬ 
ber of blind alley entrances as each critical section is approached and the 
animals come to adopt the adequate piocedure. Since this proceduie is then 
Incorrect for the critical section, the incidence of error in such sections Is 
high During the second phase, that of sub-maze differentiation, the animals 
are able to make the correct response to each sub-maze sequence but can¬ 
not distinguish its limit, the critical section, Consequently there is a ten¬ 
dency to anticipate (7) and a rising incidence of error as the critical section 
is approached. Few errors are made in the critical section itself m this 
stage and as soon as the turn has been successfully negotiated it becomes 
the orientation point for the attack on the next sub-maze In the third 
phase the critical sections are differentiated from the sequence and no errors 
are made, On the basis of this analysis a regular decrease of errors to¬ 
ward the food-box would be found in single procedure mazes (mazes with¬ 
out a critical section) only and would occur there before the food-box is 
reached for the first time Experimental verificotion of this pre-goal elim¬ 
ination of errors, inexplicable by the goal gradient hypothesis, has already 
been published (6) 
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COMPLEX VISUAL DISCRIMINATION IN THE CAT 
C K Truedlood 

This note reports experiments earned on in the Brown University 
Psychological Laboratory in an effort to secure information as to the possi¬ 
bilities of complex discriminatioa and allied behavior in the cat Three 
cats were trained in visually ducnmiiiative responses to a series of three 
stimulus situations analogous to those described by Dr H W Nissen in 
his study “Concuirent antagonistic visual discriminative habits in the chim¬ 
panzee” (1) The stimuli arc represented in Figure 1 

In Situation I the cat is icqmrcd to respond positively to the large white 
square on the black ground, which is displayed on one or the other of the 
two doors of the discrimination apparatus (2) The cat approaches the 
door on which the positive stimulus is displayed and presses down a lever 
connected with this dooi The door then opens and the cat thrusts 
its head into the aperture and obtains food Food is placed behind both 
doors, the negative or incoriect door being locked Alternations in the 
position of the positive stimulus are made constantly though irregularly 
In Situation 11 the animal is required to respond positively to the small 
black square on the white ground, in Situation HI, to the large black square. 
When Situations I and 11 have been separately mastered, they are pre¬ 
sented concurrently in irregular alternation If and when this stage is mas¬ 
tered, the animals are trained in Situation III Finally, Situations I, II, 
and III are presented concurrently 



240 


JOVRNAL or GENETIC PSYCHOLOGY 




FIGURE 1 


Situation I, taken alone, involvea a relatively simple discnramation. The 
animal may respond simply on the basis of the block-white relations of the 
figure with its ground The response might take place on the basis of one 
stimulus only of the pair The animal might respond, that is, mainly 
lowai'd the positive stimulus, or its response might be mninly an avoidnnce 
of the negative stimulus. Similarly, Situation 11, taken alone, although it 
involves a reversal of Situation I, may be the same sort of relatively sim¬ 
ple discrimination, taking place, that is, on the basis, simply, of the black- 
white relations of the figure with its ground and jlso, perhaps, involving 
moinl} one stimulus of the pair 

When, however, the animal is presented with Situations I and 11 con¬ 
currently, a more complex form of disciimination is at once necessitated 
When the large squares of Situation 1 ore presented, the animal must re¬ 
spond positively to the white square, with the small aquaies of Situation 
II the animal must respond positively to the black squaie Continued 
success therefore requires that the animal's responses be relevant to at 
least two varying characteristics of the stimuli, namely, the relative size 
of the squares and their black-white relations with their grounds. Possi¬ 
bly also, the snimal’s response is relevant to the stimulus pairs as pairs 

Furthermore, when Situations I, II, and III are presented concurrently, 
It is clear that correct responses by the animal must be relevant not only 
to the size of the squares, and to their black-white relations with their 







SHORT ARTICLES AND NOTES 


241 


gioimda, but to the stimulus pairs as pairs For example, the small black 
square must be lespondcd to positively vrheti presented with the small 
white sqviarc m Situation II It must be responded to negatively, however, 
when presented with the large black square in Situation III 

Of the three cats tiained in this senes of situations, one (Cat A) was 
discarded ns giving little or bo indication of capacity to master Situations 
I find II piesented concurrently Two animals, however, reached find were 
able to maintain a ciitcrion of 90 per cent accuracy (18 out ol 20 choices 
correct) in this problem One animal, also, attained a criterion of 90 per 
cent accuiacy when presented with Situations I, II, ond 111 concurrently 
It maintained this discrimination for five successive days, but its perform¬ 
ances thereafter so seriously deteriorated as to require a return to discrete 
training in the separate situations Unfoitunately, before this animal 
could again be brought to the criterion foi the three combined situations. 
It died m an epidemic which went through the colony 
The pi ogress of the animals with these problems will perhaps be made 
more clear by n consideration of their performance graphs (Figures 2 and 



FIGURE 2 


3) The graphs are diawn in the form of column diagrams, successive 
columns, left to right, representing the sequence and the total number of 
presentations of Situations I, II, and III, either singly or concurrently, 
throtigViout the experiment Each cokmn indicates one presentation, the 
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height of the column showing the total number of trials required in that 
presentation to bring the animal to a criterion of 90 per cent accurate 
choices Thus column 1 (Figure 2) represents the first piesentation of 
Situation I to Cat B, 112 tiinis being lequired to reach the criterion 
Column 3 represents conciuient presentation of Situations I and II, a total 
of 360 trials being necessaiy to bring the animal to this pitch of discrim¬ 
ination Columns 12, 50, and 51 also represent concurrent presentations of 
Situations I and II. Columns 13, 1+, 15, 16, and 17 represent concurrent 
presentations of Situations I, II, and III over a period of five days, the 
peiccntages of accuracy being 85, 90, 95, 85, and 95. The trials necessary 
to bring the animal to this point of discrimination totaled 1450, and almost 
immediately afterward the animal’s performance so far declined as to 
necessitate return to discrete training in the separate habits. 

Interference effects may be seen by contrasting the height of column 1 
representing the 112 trials which the animal required to master Situation I 
with colunnn 2 representing the 146 trials required for mastery of Situation 
II, and with column 5 representing the 560 tiials required for Situation III 
Interference is further evident in that after mastery of Situation III, re¬ 
establishment of I requiies 110 trials as against 40 in the immediately 
pievious presentation of that situatjon Interference was always more 
marked, for both animals, between Habits I and HI than between I and 
II or between III and II. This fact is evident in the lower number of 
trials throughout requiicd for II, its relatively consistent retention as con¬ 
trasted with the variable retention of both I and III Furthermore it 
may* bb noted with respect to Ilnbits I and III (columns 22 to 42) that as 
the trials to bring one habit to the criterion are reduced, the trials re¬ 
quired to bring the other to the criterion are increased. The persistence 
of these interferences is also indicated in the number of trials and re¬ 
peated presentations requiicd to bring I to mastery after the discontinuance 
of III, indicated after column 42 

The performances of Cat C (Figure 3) exhibit characteristics consistent 
with those of Cat B, such differences as exist being probably m pait due 
to inferior capacities of Cat C, It was not found possible during the 
period of the experiment to bring this animal to the criterion with con¬ 
current presentations of I, II, and III, although success was attained with 
concurrent presentation of I and II, a total of 1200 trials being necessary 
to bring the animal to this point of discrimination. Columns 5, 39, and 40 
represent concurrent presentations of I and 11 Interfeience effects of the 
mastery of Habit III on Habits I and II are somewhat more marked and 
persistent in (his animal than in Cat B 

In summary it may be noted with respect to the behavior of the three 
cats tested in these situations 

1 Two animals exhibited consistent discrimination in situations in 
which discrimination was necessarily relevant to at least two varying char- 
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FIGURE 3 


actenstica of the stimuli to be disciiminated, namely, the size of the squaics 
and then brightness lelations with the grounds on which they were dis¬ 
played 

2 One .inimal reached, and for n short time maintained, discrimination 
in a situation in which disciimination was relevant to at least three vary¬ 
ing characteristics of the stimuli to be discriminated, namely, the size of the 
squares, then brightness relations with the grounds on which they were 
displayed, and the nature of the othei stimulus with which they were 
paired 

3. Notwithstanding the fact that the animals were able to attain a cer¬ 
tain success with the double and triple situations described, the general 
character of the performances elicited would suggest that the discrimina¬ 
tive behavior of the cat with respect to such problems as these is not of 
a very advanced ordei The slowness of acquisition by the animals of 
the double and triple habits as compaicd with the single habit, the great 
difficulty of extinguishing interference between Habits I and III, the ap¬ 
parent instability and superficiality of the triple discrimination when it is 
acquired (it deteriorates easily into position or alternation habits)—these 
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are facts wluch indicate limitations in the discriminative capacities of the 
animals 
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THE MUSICAL TALENT OP SOUTHERN NEGROES AS MEASURED 
WITH THE SEASHORE TESTS 

Kfxneth L. Bean 
I Introduction 

Several investigators have used Seashore’s testa on negroes, but most of 
them studied children of this race in public schools of the North Not 
enough has yet been done to show how far these people can progress with 
musical training In the South, especially, they show a marked tendency to 
express themselves m music. They sing while at work or at play, swaying 
in rhythm with their songs, and seem to derive great enjoyment from this 
activity. Whether their interest in music is traditional or due to excep¬ 
tional innate ability Is still a debatable question If their music can be 
developed by training into a really artistic form, it will give them, as well 
as our own race, even greater pleasure. 

Sociological studies have shown that the negroes of the United States are 
far from pure members of their race, as a rule Crossings with the white 
race have occurred here and there for over a century, but the most nearly 
pure blacks are said to be found in greater proportion in the Gulf States, 
where the writer carried on his experiments The colored people who mi¬ 
grated to the North were, as a rule, the ambitious ones who were capable of 
more skilled work than was required of them on the plantations in the 
South. Therefore, studies of these people in the North involve a select 
group rather than a group typical of the race such as can easily be found 
in Louisiana 

Previous investigators disagree to some extent as to which race is superior 
in various musical capacities. As space does not permit a complete outline 
of their results here, the reader is referred to the original sources listed 
at the end of this article. Some of these experimenters regard the race 
differences as too small to be reliable Those who studied children in the 
elementary school seem to agree fairly well that the negroes and whites 
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were about equal in all the capacities tested, As adults, however, the 
colored subjects made inferior scores except in rhythm, in which they sur¬ 
passed the whites 

There seemed to the writer to be a gap left to fill in. High school pupils 
had not been tested Therefore, the age of appearance of retardation had 
not been determined Also, another phase of the general problem was still 
open to investigation* the study of the musical capacities of a select gioup 
of negroes who had elected music as a pait of their college course, and 
the relation of their objective scores on the Seashore Tests to ratings of 
their ability by their music teachers, and, in a general way, to their ac¬ 
complishments in the field 

II PitOCBDURB 

The first experiment was carried out in December, 1933 The subjects 
were 119 juniors and seniors in a negro high school in Baton Rouge, 
Louisiana The Seashoie Tests for Fitch, Intensity, Time, Consonance, and 
Memoiy weie given, A new electric phonogiaph with excellent tone quality, 
well regulated, and in good running condition, was used The room in 
which the subjects were seated was relatively free from any distortion by 
echo. Reasonably quiet conditions were maintnined 

Directions were given as in Seashore's “Manual of Instructions for the 
Measures of Musical Talent” (11), with the addition of a few introductory 
remarks to motivate the pupils to put forth the greatest possible cflfort 
Oral practice was conducted for each test before any responses were re¬ 
corded on the blanks. 

The second experiment was conducted in the late spring of 1935 Forty 
students were selected as subjects, all of whom were studying music in 
Southern University, a small college for negroes located n few miles from 
Baton Rouge, Louisiana The school has good standing, considering its 
size. The selection of subjects from this college avoided a difficulty en¬ 
countered in the previous experiment, in which many of the pupils were 
found to be unable to undeistand and follow directions, and were greatly 
confused by the strangeness of the test situation The colored school system, 
which IS separate from that for whites, is low in educational standards. In 
this college, however, all students were able to follow instructions after 
oral practice, and the newness of the situation did not greatly affect the 
scores of any subject 

The 40 students were all taking private lessons in voice, piano, or some 
other instrument at the time of this experiment, and were sufficiently ad¬ 
vanced to appear in public in ensemble, and in some cases in solo per¬ 
formances Three capable teachers instruct them, two of whom have had 
exceptional training for members of their race The singing of spirituals 
by the chorus, quartet, and soloists of this school has been praised highly 
by numerous musicians in Baton Hoiige, and enjoyed by large audiences of 
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white people. Many of these folk songs of the race have been cleverly and 
artiatically arranged by the teachers, and the quartet has made Victor 
Records of a few of these. 

The first step jn the procedure was giving the entire group the 1930 
edition of the Thuistone Psychological Examination This intelligence test 
is reasonably reliable for a short group test Three weeks later the Sea* 
shore tests were given to the same subjects. The conditions were similar to 
those of the previous experiments. Directions were handled in the same 
manner as before except that a little moie tune was allowed for oral prac¬ 
tice In this experiment the Rhythm test was added to those used earlier, 
and since the total period of Work was over an hour in this case, a brief 
rest was allowed after the third record 
The amount of training received by each student prior to the experiment 
was tabulated with the scores Then each of the three teachers ranked his 
pupils m the group according to ability, that is to say, according to what 
they could do if they did their best. The following scheme was used //— 
excellent, B —superior, C —average, D —poor, and E —very deficient These 
categories correspond to some extent with Stanton’s (12) prognostic designa¬ 
tions, "safe, probable, possible, doubtful, and discouraged," used in her 
studies of the capacities of white music students 
The last step in the procedure was a genera! subjective evaluation of 
the achievements of the students in music as observed in their ensemble 
singing and playing, and, in a limited number of cases, m solo performance 
Two other musicians added their criticisms to those of the writer in an 
attempt to judge all Important points 

III Results and Conclusions 

1 High School Group in tt\c iaxge group of subjects, there were 
three whose failure to follow directions made their scores meaningless on 
some of the tests. Such results Were thrown out Besides these, there were 
several who scored little above chance on nearly all the tests Some seemed 
merely to guess the answers and failed to grasp the idea Such cases were 
particularly tiumecous for the Pitch record Their results were included, 
however. Only one case of marked superiority on all the tests occurred 
m this group, and even here the scores averaged in the low nineties 
A table comparing our medians (in percentage right) with medians and 
menns found in three other studies will give an idea of where our results 
stand. 



Our 

medians 

Gray and 
Bingham 

Johnson 

College 8th grade 

Peterson 
and Lanier 

Pitch 

S+S 

S6.i 

75 

73 

57 93 

Intensity 

67 

69 2 

88 

82 

75,60 

Time 

69 5 

63 7 

73 

63 

70 83 

Consonance 

64 

32 5 



63 40 

Memory 

43 5 

21 2 

68 

54 

43 36 




SHORT ARTICLES AND NOTES 


247 


Unfortunately not nil investigators gave medians Some put down mean 
scores only, so that the comparison in this table is not exact, but it shows 
that our scores are lower in general than others for negroes, even though 
Gray and Bingham (1) and Johnson (3) used some eighth-grade subjects 
who were younger than ours The few differences in the other direction are 
too small to be significant. The reader should note that Gray and Bingham 
gave their results m terms of number of right judgments, making the scores 
on the last two testa only half of what the percentage right scores would 
be. Their other means are equal to the percentage right, however 

Percentile ranks for our subjects show them to be inferior to whites on 
all tests, even if eighth-giade norms for whites are used for comparison. 
The few who had studied music to any appreciable extent did not show 
marked supeiiority to the rest, and some who scored relatively high had 
never had music lessons 

2 College Group The subjects in the second experiment followed 
directions correctly They were a select group, of course, and were ex¬ 
pected to be better than nveinge for their race, which turned out to be a 
fact The average extent of their musical training was 2 9 years, not 
counting some singing by ear done in the high schools None of them 
were taking music with the aim of becoming professional in the Field There 
were six seniors, 10 juniors, 11 sophomoies, and 13 freshmen In the group. 

Scores on the different sections of the Thurstonc and Thurstone test re¬ 
vealed that over half of the students did a poorer quality of work on the 
BrsC and last parts than on the three other paits The cause of this lies 
in the fact that negroes are backward in vocabulary of a literary sort, 
which is needed in these divisions of riie test Probably, therefore, their 
intelligence scores are a little unfair unless this is taken into account 

Scores on the Seashoie tests were poorer in Pitch, Intensity, and Time 
than in Consonance, Memoiy, and Rliythm Waverings of attention are 
characteiistic of the negro, and distinct lapses of this sort were indicated 
by rows of successive criors on easy columns of trials on some papers 
which had more diFHcult columns filled correctly In this way several scores 
were lowered that might otherwise have been excellent Theie seems to be 
little reason to doubt that a gestalt of such a nature as the melodies and 
rhythms of the last two records holds attention better than two simple tones 
differing in pitch or loudness Most intelligent adult whites can attend 
to a task over a long period in spite of its monotony, but this is not true of 
negroes, who in most cases were not trained well in voluntary attention 
in early years at home or tn school 

The mean percentage right figures were Fitch 72 IS, Intensity 82.5, Time 
77.2, Consonance 73 9, Memory 77, Rhythm 83 8, We note that our means 
are in every case above the medians for negro college students found by 
Peteison and Laniei (8), and in every test except Intensity above their 
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medians for whites of college age. Many individuals showed marked 
excellence in Rhythm Though a few scored very high on four or five of 
the tests, no one excelled throughout Most of them had a percentile rank of 
below SO in intelligence (using norms for white college students to determine 
their rank), but they were probably superior negroes as a group None 
were too dull to understand the task The mean percentile ranks were 
Intelligence 27 2, Pitch 28.4, Intensity 27.9, Time 49,2, Consonance 69, 
Memory 58.4, Rhythm 8S.S. 

The teachers did not rate any student lower than C in ability There 
were 18 yl^s, 21 B's, and only one C, or average, student, 

Mean percentile ranks for these groups were 



Pitch 

Intensity 

Time 

Consonance 

Memory 

Rhythm 

A 

37.5 

36 

56 6 

69 4 

68 

86 8 

B 

21 7 

20 9 

45 6 

68 

50,9 

84 4 

C 

10 

0 

35 

85 

30 

85 


The one C individual excelled the mean of the E group in Consonance, 
about equaled them in Rhythm, but was inferior on the whole The A's 
surpassed the B's definitely except in Consonance and Rhythm, in which 
they were about equal. Carrelations of the various capacities with intelli¬ 
gence were low, but in every case sufficient to indicate a relationship to 
some extent The coefficients were Pitch .20, Intensity 35, Time .36, Con¬ 
sonance .29, Memory .29, Rhythm 26 

Observations of negro musical performance indicate that deficient sense 
of pitch IS common among these people They glide from one tone to an¬ 
other In singing, and hold to no rigid pitch restrictions, rising and falling 
again on one tone at times Their ensemble singing and playing is 
rhythmically precise and well synchronized, even in the most intricate 
rhythmic patterns Strong accents and glides make the music of their own 
race elfectlve, but their rendition of the classics is often spoiled by in¬ 
accuracies of pitch, and by an attempt to carry over their own style Into 
a kind of music requiring careful, well disciplined intcrpictation. 

No case has been found by the writer of a negro who had a marked 
degree of capacity in Pitch or Intensity Many showed a percentile rank 
above 95 in Rhythm, and several had decidedly superior ability in Tonal 
Memory 

In conclusion we may say that this race is definitely inferior to our own 
in musical capacities, with the probable exception of Rhythm, in which they 
are at least equal if not superior to white people As far as data can be 
obtained at present, negroes appear to score about as well as whites on 
Seashore’s tests while they are children, hut at adolescence the negroes fall 
behind while the whites go on developing musically the same as they do in 
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general mental capacity The teachers can roughly rank their own pupiU 
in ability^ and make use of all the elements included in Seashore's tests, in 
their judgments, according to results given here, but their standards ore 
low. Tests show the educational possibilities of the black race to be limited 
in this Held. 
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LEARNING AS A FUNCTION OF THE SPATIAL INTERVAL 
BETWEEN DISCRIMINANDA 

Georgs W Hartmann 

1 To vjhal extetit is the rate of dtscrtintnation dependent upon the dis¬ 
tance between the items to he disltnguishedf The decisive role played by 
purely external physical factors in governing the rate of learning has long 
been recognized by experimental psychologists of all schools of thought 
The effect of relative size, unique shape, and impressive color in facilitat- 
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mg adaptation to stimulus-objects is likewise appreciated by every lay¬ 
man In the practical field of reading, we all know that the amount of 
white space separating letters, words, and lines is an important element 
m determining the speed and efficiency of this form of visual reception, 

This study is concerned with an analogous situation in the behavior of 
the white rat, His capacity for visual discrimination has been studied 
in a thousand different ways, but few investigatora have raised specifically 
the question What influence does the gap between the objecta to be dis¬ 
criminated have upon the course of learning? What distance between a 
paired set of discnminanda (to use Tolman’s recent term) is moat con¬ 
ducive to a mastery of the problem? Is sign-learning directed toward 
the different meanings or values of a plain black and a plain white square 
card dependent upon the Interval between them? 

2. Tranitriff and tesima the annuals. The answer was sought by means 
of a duplicate of the original Lashley jumping apparatus used m measur¬ 
ing the rat's visual performance. This contrivance is a simple grey up¬ 
right wooden scieen, about 5 ft high and 3 ft wide Two 5J/^-in square 
holes arc cut into the frame at the standing chest height of the experi¬ 
menter, at the rear of the openings a 12-in shelf la attached The aper¬ 
tures arc closed with 6-In squares of heavy cardboard held in place against 
the back of the scieen by inseitlng their lower edges in a shallow groove 
cut in the back food platform and fixing the top either by a rigid turn 
button or by a light spring. 

Training Is accomplished by placing a stand with a circular top near 
the screen and allowing the rats to step through the open holes to the 
platform, then gradually withdrawing the stand until, in about 30 trials 
or so, the standard distance of 25 cm. is reached Black and white cards 
are then placed in position and training m discrimination begun During 
the instruction series, one card beaiing the negative stimulus (which may 
be either black or white, depending upon the animal chosen) is fixed 
rigidly, the other is held by the spring so that when the rat jumps against 
it, the card drops back and permits him to reach the food shelf If he 
hurls himself against the wrong entrance, he falls down a sheer cliff-Hke 
wall into a net near the floor. 

The present inquiry grew out of the fact that in Lashley’s original 
apparatus the openings are spaced two inches apart Why just two inches? 
Why not one inch or one foot? Wertheimer and others have shown that 
neniness is one of the factors (along with likeness and othci qualities) 
making foi the formation of a dynamically distinct gestalt If the dis- 
enminanda are close together, are they hard to split apart or are they 
relatively easy to distinguish compared with greater intervals? When we 
match shades or compare twins we find it necessaiy to get them fairly close 
to each other, since a better “gradient" appears to be established thereby, 
but is it possible to get them too near for good results? The dynamics 
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of the act of comparison (whether successive or simultaneous) assumes 
that the elfective gradient is a resultant both of the difference of “poten¬ 
tial” between the two stimulus-areas and of the spatial distance separat¬ 
ing them. 

Four different intervals between the edges of the cards were selected, 
viz, 15, 30, 45, and 60 cm At each distance, two rats (only females were 
used in this experiment) were taught to jump toward the black, and a 
similar pair toward the white. The criterion of learning was the ability 
to make ten consecutive correct choices, and the measure of relative diffi¬ 
culty was the average total number of preliminary jumps required to at¬ 
tain this level It should be mentioned that a long rectangular jumping 
shelf-type stand was now substituted for the original circular top, the 
change being necessitated by the mechanical difficulty of leaping at a sharp 
angle. In all the critical tests, the animal was placed at the exact center 
of the jumping stand with head oiientcd toward the middle of the dis¬ 
crimination screen This permitted the animal to run back and forth on 
the ledge until he was ready with hia choice, In which case he would in¬ 
variably leap nt right angles toward the objective 

3. The presence of nn optimal interval and Us explanation, With due 
regard to the obvious limitations of this experiment, it appears that there 
IS an optimum interval of about 45 cm which is moat conducive to rapid 
and effective learning of simple brightness discrimination. The mean num¬ 
ber of jumps required to reach the criterion stage, where black was the 
positive stimulus, was 119 trials at 15 cm, 124 at 30 cm, only 69 at 45 cm, 
and a sharp rise to 182 at 60 cm Where the white card was positive the 
figures follow essentially the same pattern, being 170 at 15 cm, 99 at 30 cm, 
67 at 45 cm, and 194 at 60 cm It is approximately twice as easy to evoke 
adequate discriminatory responses to a physically "simple” pattern as to 
others fundamentally like it except that the gradient of difference is less 
sharp A careful inspection of the accompanying figure reveals a gratifying 
consistency of response, note pniticularly the surprisingly small scatter 
around the 45-cm and the 60-cm points. 

Assuming the technical correctness of these findings, is there any ex¬ 
planation to account for them? It was thought at first that the usual 
mammalian lateral placement of the two eyes makes it easier for a rat’s 
visual mechanism to operate at nn angle than if he had the full frontal- 
paiallel binocular vision of the human. Howcvei, this intcrpietation is 
not veiy convincing or even applicable to this situation since the animal 
typically paces up and down, inspecting the stimulus-objects, and oscillat¬ 
ing for a longer or shorter period before making the jump Such behavior 
seems to exclude any explanation in terms of mere optical or even retinal 
peculiarities 

A somewhat more plausible account, emphasizing central rather than 
penpheial factors, may be found in the figure-ground approach to the 
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FIGURE 1 

Number of jumps recjuired by 16 female rats before they learned to dis¬ 
tinguish black and white squares placed at different distances apart Four 
different animals were used at each interval The solid black dots indicate 
the records of each individual rat 

problem of perception According to this view, maximum differentiation 
of the discnminandn occurs when the figures are most sharply set off from 
each other and from their common background. Place the figures too near 
together and they become assimilated into one common held, put them 
too far opart and the anticipated configuration la destroyed, or at least 
made harder to reconstruct. A human parallel to these rats’ behavior may 
be found in the extremely contrasting effects produced by a badly printed 
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page without leading or the continuous and unbroken lettering of mediaeval 
manuscripts, which arc hard for a modern to decipher, and the reverse 
situation obtained were wc to print but one letter each of a long word on 
a senes of single pages The rate of learning is adversely affected in both 
instances and points plainly enough to the existence of a general lav) of 
behavior staling that there is an optimum spatial interval betvjeen all visual 
items to be discriminated. 

This conclusion Is a partial confirmation of Jacobs' (1) finding with 
dark-adapted human subjects that maximum sensitively, le, the lowest 
thresholds for brightness differences, occurred at an 80-cm interval rather 
than at a 10 cm or 200 cm She claima, however, that her initial pro¬ 
cedure left the varying retinal sensitivity of fovea and periphery uncon* 
trolled, and that when constant "local” projection was assured, the thresh¬ 
old rose steadily with the distance In photometric practice it has long 
been known that the threshold la lower when the comparison fields lie as 
close together as possible, and that it is lowest of all when they are in 
contact without any line of separation 

Under ''pure” conditions it seems reasonable to expect such a linear 
function, but, the natural conditions of motility permitted, our animals 
yielded a curve of wholly different shape It is doubtful if this difference 
can be attributed to the divergent properties of mice and men. Koifka 
(2, pp. 480-481), commenting critically on Jacobs' work, and referring to 
some unpublished studies of Mmtz, says. "The minimum of the difference 
threshold does not lie at the smallest spatial distance, instead when one 
decreases the spatial distance continually, a minimum of the difference 
tfireshol'd is reached, such that with a further decrease of this dfstance 
the threshold begins again to use If the two objects to be compared are 
too near each other and aufHciently similar, then tliey will become assimi¬ 
lated to each other, proximity appearing again in its role as a unifying 
factor” This explanation is similar in spirit to the qualitative one out¬ 
lined by ourselves above, and may be considered as of more general ap¬ 
plicability than the special case developed by Jacobs 
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FORM AS A PRINCIPLE IN THE PLAY OF CHILDREN 
Lauretta Bender and Paul Schilder 

When one watches children at play, one soon observes that there are 
certain principles that appear again and again In a previous study by 
Bender It has been pointed out that motility is a factoi in determining 
the form of children’s drawings and games Children often take toys 
such as caits, tiains, etc, and move them on the ground with outstretched 
arm in a curve or in a half-circle, the center of which is the shoulder joint 
The plane on which the play takes place is seemingly one factor, the 
peculiarities of the motor apparatus is another factor Kliiver has ob¬ 
served drawings In monkevs which are determined by similar principles 
In hop scotch, the figure m which the play takes place is determined by 
the range of jumping on one legj the curved form is diawn with outstretched 
arms AVith the body as a pivot, Rotation around a longitudinal axis is 
one of the basic forms of movements Kohler desciibes whirling as a form 
of pUy \sv apes The priacvplft of totaticra U aUo demonatcated m the 
movements of the circular joints such as the Moulder and hip and in some 
degiee also in the hand In the parietal lobe lesions with spontaneous 
turning around the longitudinal axis, Hoff and Schildcr have observed also 
a tendency for rotation in movements in the circular joints, 

Specific motor tendencies, tlierefore, find an expression in the play of 
childien The motility adapts itself to the plane on which the play takes 
place The formation of foreground and background is basic for the 
piny of children When a child gets a number of lead soldiers or other 
toys for play, the foim of its play is partially detcimined by the form of 
the field in which the play takes place The 3}4-year-old Joey puts soldiers 
near to the border on the table and also on the bench He transfers 
them also to the border of the wash basin He puts a horse In the 
middle of a small desk calendar He presses the head of the horse against 
the cork of a closed ink bottle as if trying to push it In and says, '‘I push 
him m this” He even attempts to put the soldiers parallel to the wall 
and IS disappointed when they do not stay in this position The geometri¬ 
cal and physical qualities of a given field are determining factors in the 
p\i\y nf The virth the rah hetrte shows that the foira 

of the objects is another determining factor. It becomes a symbol into 
which one can push something else We will consider again the more 
primitive geometrical foims. This child likes clusteis of three men around a 
horse He arranges soldiers m a row. He puts a soldiei in each of three 
comers of the wash basin He arranges soldiers and tongue depressois in 
forms of incomplete symmetry The following primitive forms emerge 
(1) a cluster; (2) a row, (3) an irregular star 

The observation of this child attempting to place the toys against the 
wall makes it clear that experiments with the gravitational qualities are 
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factors which have to be considered in the play of children This child 
does not take gravity into consideration at first. In the play of Noia (four 
yeaia old) and Rita (three yeais old) pushing objects over or allowing 
them to fall was a great source of pleasuie These are instances of active 
experimentation with gravity 

There is no question that the play of these childien has also another 
meaning Joey is continually commanding the toys which he puts in 
specific places In the play of the two little girls, their delight m power 
and aggressiveness was obvious The foimal elements are, of course, 
not isolated parts in psychic life but are a part of the biological orientation 
of children Knocking toys down satisfies the aggressive impulses of the 
childien but it also helps to a better handling of problems of physics con¬ 
nected with gravitation To be upright or to lie down is partially a moral 
problem (aggiession and submission) but it is also a pioblem in phvaics 
and of the orientation of the organism concerning giavitv and the physical 
world Oiientation means for us not only perception and knowledge but 
also the motor side of the adaptation of the individual 
Larry (four years old) and Kussell (five years old) showed a great 
interest in replacing into an upright position the dolls that had fallen 
down Whenever the examiner pushed the doll down, Russell would 
stand It up again Immediately after this play, Larry noticed a man 
cleaning the windows and said, “He will fall down” 

In the later development there is a tendency for clusters to develop into 
moie symmetrical forms. The matching of objects plays a great part, 
Objects which are similar in shape and colors arc put into groups This 
ii’ar jlioivn, for jpstaitce, ir ytma wW is aire years o'd Her pJsy 
china toys consists entirely in niranging them in different symmctiical 
forma on the table and moving them from one form to the next, sometimes 
transporting them by means of tiny carts 

We have mentioned that the 3j4-ycar-old boy showed a tendency to 
push the horse into the ink battle In oldei children, this tendency to put 
something into something else is still more obvious The children put 
lead soldicis into carts, either lying or standing, and they try to pile in as 
many soldiers as possible, sometimes pushing the soldieis m lather roughly. 
It is a gieat satisfaction for them to have as many m the car as possible 
If there arc bigger and smaller cars, the smaller cars are put into the 
laiger cais as well Five-year-old Emmanuel, for instance, puts one car 
into the other and said he would put them into the garage. The same 
principle prevails in older children as is seen from the protocol of Charles, 
an H-year-old boy of average intelligence 

They had a war—the Americans and Indians I am on the 
Side of the Americans because that is my nationality. 

IS the matter wlh the Indiajisf) They can’t fight so good I 
am only playing with them Here is the battlefield (puts all 
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the soldiers in carta and puts them m another position) Bang- 
Bang That guy is dead. (The Americana kill four Indiana. 

One Indian knocks down an American ) They are having a 
war because they don’t like Indiana (lie put the small 

racer in the big truck) That ia the place where you carry 
things, because they can’t carry them in their hands; they are 
too big (He lines all the vehicles up and lines the soldiers 
up along the edge of the table ) I am going to line some 
over here too 

In a later course of the play he places vehicles in a senes whereas they 
were parallel before He likes to give orders to his lead soldiers. He 
always arranges the soldiers in groups 
This protocol shows an elaboration of the same form principle which we 
found m the younger children The elaboration partially consists in 
adding meaning to the formal situation This tendency is already present 
in the younger children They put a soldier, for instfince, in a car 
"because he is dead” or “tired” or *'he has gone home” One gets the 
impression that the formal principle of putting something in something 
19 more basic and is merely exemplided in the moaning nddedi 
Children are never satiaded with any form which is reached One 
form IS merely a transition to a chaos, that is putting the toys in an 
unorganized heap But new oiganization U Immediately sought again. 
In older children, the groups have a more definite meaning, Indians, 
soldiers, pirates, etc In younger children, however, grouping as such 
is the mam purpose. Although the same principles are returning again 
into every new grouping, the new grouping is never completely identical 
with the previous one Whereas in the protocol of the 3^-year-old boy, 
tongue depressors and soldiers are brought into a symmetrical form with¬ 
out further comment, older children usually give some definite meaning to 
their groupings. It la as if they would have adapted the formal principles 
better to the total situation and its meaning, In this respect it is particu¬ 
larly interesting to follow the development of a situation which we have 

called the automobile test A man is put between three cars which are 

so placed that the front ends are all pointing towards the man. In the 
jounger children the man and cars are pushed about without much regaid 
for the inner quality and meaning of the objects Children start to move 
the car or, at any rate, to imagine a movement which corresponds to the 
structure and position of the car. In such an experiment where James 
(seven years) and Dorothy (nine years) are present, the girl starts run¬ 
ning the car, the boy runs the man down with the car and puts him into 

another car. {What did you dof) "I knocked him down, he was run 

over, the guy was carrying him” {JVhy did yon stand him up again?) 
"He will be run over again," said Dorothy “The car will run over him 
and he will be dead ” In the midst of a discussion about death, Dorothy 
kisses the smaller car and says, "Because it is little” She puts it in 
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another car and says, “I don’t want it to get knocked over.” The car 
with ita momentum needs to be played with according to its structure It 
carries with it an immediate pattern for aggressiveness but only older 
children are able to- grasp this situation The younger ones express ag¬ 
gression by merely knocking over Of course, a complicated object like a 
car does not merely carry the meaning of aggiession in it but it is also, as 
mentioned before, a vessel and a container The definite meaning of an 
object depends, of course, on the total situation 
The following protocol cxempHlies what we have said. Five-year-old 
Emmanuel is shown a cowboy between two cars He said 

It bumps him He better watch out—because—he is dead 
(He knocks down the car) Pall down car (Several other 
cars are now put at his disposal and he piles up the cars.) 

I am making something Put this one on top because it fell 
down. Goes slow because it is broke (He lines up the little 
cars against the wall.) It will crack (Knocks a big car 
against a little one) Now it cracks (Piles them up again) 

Now I make a car. (He puts a liMle cm in a big one) It is 
broke . . I tell you so many times It broke itself I ^ay 
All the cars broke Put it in the garage and get it fixed 
I bring it back (Gets men and puts them in the largei car) 

They are garage men to fix the car. (The next day he gets 
a set of lead soldiers with carts and wooden toys representing 
the various members of a circus He puts all the toys in the 
largest cart including smaller carts He looks all over the floor 
for more toys ) This is the march (He lines all of the 
circus toys on one side and the lend soldiers on the other side 
and knocks over the circus toys and then the lead toys ) They 
knock down, they go to sleep I fix them all over. (He puts 
all the lead toys and the arcus tova in the cart again He puts 
small autos, soldiers, elephants, etc., nil m the larger cart 
Then he knocks them nil out again.) They are dead, they got 
run over 

In a little older age group the consideration for the actual meaning of the 
toys is greater. Amad Is nine years old and Leon is seven Following 
are some protocols 

Leon' (two cars and mao) The car h going to run the good 
guy over He will die. 

Amad He don’t die He wiH get hurt anil they bring 
him to the hospital and he will get better and when he sees 
that truck again he gets that man and kills him 

Leon The man is going to break the car up and burn the 
man in the car so it won’t run over him no more (How enti he 
if he IS dead?) The car got electric and burns him up. 

The car could fall. The feet must go on the electric and then 
■' the car could fall. This car was coming and he is strong, and 
he went back that way, then that car comes and he doesn't 
see it and he gets hurt and they bring him to the hospital He 
gets better, sees the truck, burns it up, puts it on fire and brings 
it in the river, makes the motor go 
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Amad He puts dynarnitfi under it» then ran away 

Leon The car is cominE and ihe man 's going across and 
the car got the man run over, and the man got hurt Tlie tar 
went right on the man's foot and the man got a broken foot, 

They bring him to the hospital They gave him a stick and a 
foot to walk When he sees the cai he is going to take the 
wheels otf and the motor off and put it on his car, and break 
that car and throw it in the river 

Irregular arrangement of several figures with small cars 

Leon, immediately) This is a good guy—this is a bad 
guy—this guy is going to kill this guy with a knife, so that he 
conies with all the guns and he la going to shoot that guy, etc 

The play becomes increasingly violent and many more of 
the lead soldiers are considered as dead and piled into the car. 

The pmely formal element are decidedly subordinated and integrated 
to the mental content. Only when the play progresses do the more primi¬ 
tive form elements come more and more into the foicground The play 
satisfies those instinctual tendencies of the children which coriespond 
to the form of the play. In the instances taken the aggressiveness of the 
children is able to express itaeK in the play. 

We have not mentioned that it is chaiacteristic for childien never to 
be satisfied with any less than all of the playthings which aie available 
They want to get everything that there is to be had, otherwise they feel 
restless and dissatisfied. The child is only temporarily satisfied when 
he has gotten everything that is in the room They often ask where the 
toys came from and whether one could not buy all the toys in the store 
The following piotocol is very chnrnctenstic. Russell (five years old) is 
an aggressive over-active child of inferior intelligence (IQ. 71) nod 
Larry (four years old) is usually shy and quiet on the wards but has 
a history of temper tantrums at home 

The examiner knocks a doll over 

Larry Take another one 

Russel]' Me take another one 

Larry Look at the two here 

Russell’ Me throw it down Stand it up One doll, (wo 
dolls Stand up one doll. 

When the dolls fall down very easily, the chief interest of 
the children is to get it into an upright position Whenever the 
examiner pushes the doll down, Russell stands it up again. 

Takes it into his hand Russell is rather petulant Larry 
lakes the dolls in his hand m a protective way He picks up 
the lead soldiers .ind looks at them very carefully. Russell 
w-ints everything immediately He insists on it 

Russell Give me all the mans. 
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When the toys are taken out of the diawer he does not want 
to play with the toys which are given liim but tries to take 
other toys out of the examiner’s pocket Lairy docs not show 
any constructive effort m play He merely takes eveiything 
in a rather protective manner to himself and only lets a car 
run slowly over the desk He doea not let the cars collide. 

Russell haa seemingly forgotten that he wanted dolls from 
the cxammei’a pocket but is easily reminded of it. Puts his 
hand in the examiner's pocket and says, “No more, only 
matches," He appears to be disappointed. 

Larry asks for the horse "Let’s see the horse" Russell 
immediately loses interest in what he haa Russell haa a 
definite reaction pattern in that he wants everything and once 
he has it he is not interested in it any more 

Russell The bad boy won’t give me the caia 
Russell is somewhat dominated by the idea that something 
is withheld from him In order to get the cars, he takes two 
pieces of paper and gives it to Larry When Lairy finally 
gives him the things, lie has no inteiest in what he has asked 
for Russell offers Larry the broken legs of a doll The interest 
of getting something he shouldn't get, makes nny active play for 
him completely impossible 

It IS interesting to notice that he wanta to get the last thing 
that the other boy has When something is given to Larry, 
Russell immediately becomes excited Finaliy, he gives Lairy the 
broken legs of the doll again with a great gesture of generosity. 
Larry could be induced to give the other boy everything, 

In play, Larry seems £o put the lead soldiers together with¬ 
out putting them m nny action He rather carefully avoids 
pushing any one of the figures down He does not protest 
frhett one toy aAer nnatixef w taken away. He takes ttvo tracks 
and when given a doll which is named Doris (his sister) 
he makes a noise with his mouth, plays with the later car 
and tries to put the doll into the car 

The child is a little shy and docs not even dare to take 
off the hat of the doll When the examiner pushes the doll 
down, he heaps the two cars upon her abdomen and her face 
nnd he continues to play, covering the dolls with the cars 
Finally he brings the car near the doll -whicli la now standing 
but does not push her down. He brings it as near as he can 
The examiner pushes the doll down with the car and he repeats 
it He lets the doll fall down rather carefully. When he plays, 
he is very careful not to come too near the doll He fre¬ 
quently covers the doll iip with the cars 

He sees a man cleaning windows and says, "He will fall 
down” This is a child who restricts himself in the move¬ 
ments to small and rhythmic expressions He is not very 
active in piny After child left the room, he had a severe 
temper tantrum and had to be placed in his room by the 
nurse Later he became quiet and on being sought out, it 
was found that he had defecated in the room and smeared 
the feces over himself and the room. 
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One sees that the emotional problems and the formal problems cannot 
be separated completely The experimentations of the child with form 
end configuration is an expression of its tendencies to come to a better 
handling of objects by action. By trial and error it comes to an insight 
of the structure of objects, To the structure of the object belong the 
general spatial qualities, the laws of gravitation, push, and momentum 
The child has to learn about lines, senes, and groups Furthermore, It 
learns about the general form when something can be put into something 
else It IS remarkable that the same gestalt rules have been worked out 
by one of us In connection with spontaneous drawings of children and 
concerning the general gestalt principles in visual motor patterns These 
problems lead to emotional problems, problems of destruction, preservation 
and protection. We arc of the opinion that the emotional problems and 
the so-called form problems are identical in their core. One could, for 
instance, consider the problems of impact and putting one thing into an¬ 
other as specifically sexual problems as, for instance, Melanie Klein has 
done who sees in every collision in the play of children a symbolic hint 
to the parental intercourse If one puts merely the emphasis on the 
sexual interpretation, one neglects biological connections which are at 
least as important as the sexual. One could with some right consider the 
interest of the child concerning parental intercourse as an application of 
Its general interest in impact and putting one thing inside of the other 
In (he children of our group in which the play method of approach could 
be used (under ten years) there was no diflfcrence between boys and girls 
The Individual fate of the single child determines very often formal 
principles specifically used. In one of our children the motive of attack¬ 
ing from behind was outstanding In some children the impact problem 
plays a greater part and in others the tendency of putting things into 
other things In other words, there is a general trend of psychophysiologi- 
cal organization which Is not rigid but more or less a mode of procedure 
adaptable to the biological situation. Form principles reflect merely the 
general plan of psychophysiological organization 

Summary 

The form of the organism and its motor possibilities determine the play 
of children Rotation of the total body around its longitudinal axis and 
circular movements of outstretched limbs are of special importance The 
motility adapts itself to the plane on which the play takes place The 
play starts with the formation of foreground and background The child 
undertakes a continuous experimentation concerning the geometrical quali¬ 
ties of lines, angles, and clusters In die three-dimcnsonnl game, the child 
is particularly interested m whether sotnething can be put into something else 
Further experimentation concerns gravitation, push, pull, and momentum. 
The experimentation with apace and mass (geometry and physics) is based 
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upon the instinctive drives of children and, therefore, dependent upon 
their individual emotional problems. The definite form of the play is 
adaptable to the biological situation. Form principles reflect merely the 
general plan of psychophysiologlcal organization 

References 

I. Bender, L Gestalt principles in the sidewalk drawings and games of 
children /. Genet Psychol, 1932, 41, 192-210 

2 Hoff, H, & Schiidfr, P Wber Drehbewegimgen um die Langsachse. 

Zsch f d ges. Near, 1925, 96, 683 

3 Klein, M The psychoanalysis of children New York, Norton, 1932 

Pp. 393 

4 Kluver, H Behavior mechanisms in monkeys. Chicago Univ. Chica¬ 

go Press, 1933 Pp xvii+387. 

5 Kohler, W. The mentality of apes. London* Kegan, Paul, 1924. Pp. 

Viii+342. 

Bellevue Psychopathic Hospital Hev) York University Medical School 

New York City New York City 


THE EFFECTS OF TRAINING UPON INDIVIDUAL DIFFERENCES 

SERIES 1 

E B Skaggs 
I. Introduction 

The data presented in this paper are data which emerged out of inves¬ 
tigations which Were not planned primarily to test the effects of practice on 
individual difFerences. However, regardless of this fact, the data pre¬ 
sented are essentially valid m showing the relationship between training 
and changes in individual differences 

Much has already been done on the problem, but much more remains 
to be done It is especially important now to note the part played by 
various factors which may enter in to determine whether practice shall 
reduce, increase, or leave unchanged the individual differences of any 
group Above all, there is much need for investigation in which the 
subjects are trained to their ultimate limit of improvabillty and where they 
are motivated very strongly 

Eight separate studies involving eight different groups of subjects (here¬ 
inafter designated as iT's) are reported in this paper. All ■f's were cither 
college sophomore men or women, ranging in age from 18 to 20 years. 
Five of the groups were men and three were women Every group con¬ 
sisted of 20 S's with the exception of Groups VII and VIII which consisted 
of 19 and 18 S’z respectively This made, in all, 157 subjects 
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The taak consisted in replacing the blocks of a Goddard formboard from 
a second formboard which held them In a constant position at the be¬ 
ginning of every trial Since a description of the arrangement of the boards 
and the manner of working them has been reported 5n detail m a pre¬ 
vious paper (2), only a very brief statement will be made here The S 
used both hands at a time, picking up and replacing, according to a set 
order, two blocks at a time At the beginning of every trial the experi¬ 
menter (hereinafter designated as E) stood in front of the S and before 
the formboard which was to receive the blocks -C’s body was thus a 
screen to hide the boards and blocks from S E then said, “Get ready 
One, two, gol” As E said "Get ready,” he prepared to step to the right 
and aside, As he said "One, two" he stepped to the right As E stepped 
aside, E stepped up in position before the table and the boards, bent over, 
placed the fingers just over, but not touching, the first two blocks and, at 
the signal “Go,” began to replace the ten blocks as rapidly as possible E 
started his stopwatch as he said "Go” and stopped it as the last block was 
replaced 

No S knew the nature of the expenment He -was told that we wished to 
make a etudy of learning cueves and that he was to do hu best, to be¬ 
come just as much of an expert as he could in the time allotted for prac* 
tico He wQs told his score after every trial, and his scores were kept 
by himself day by day so that he could watch his own progress The i^'s 
talked together about their work and compared scores within their own 
smaller group of co-workers At every meeting E gave this admonition 
to S' "Remember that today you are going to do your very best Vou 
ace going to &tep up and make the best ceeacd. you can at every tclaU” 
E never indulged in faultfinding or criticism when S made a poor record 
but, rather, made a few encouraging remarks All in all, while oiii S^a 
might have been motivated more highly, they seemed to have worked 
with good spirit and zest throughout 

The writer served as E in Studies I to V, inclusive, while Mias Dorothy 
Ransom served as E m Studies VI to VIII, inclusive Miss Ransom was 
trained by the writer until her technique was closely similar to that of 
the writer in giving the tests Every E was met individually by E, The 
apparatus (formboards and blocks) was in a laboratory darkroom and 
was illuminated by a constant artificial light Every 5 came to the experi¬ 
ment room at the same time each dny 

Reed (1) and others have indicated that the method of calculating the 
effects of practice upon individual differences is very important Following 
Reed’s suggestions regarding the relative reliability of the various methods 
used and relying upon his own ideas of the common-sense significance of 
the methods, the writer finally decided to use the following three methods 
of calculating the effects of practice. These have been designated as 
Criteria A, B, and C 
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Criterion A consists of a comiiariaon of the range of initial and final 

SD 

ability-scores Criterion B consists of finding - and expressing it 

M 

in percentage terms According to Criterion C we first found the average 
score for the best and for the poorest one-fourth of our S’a at both the 
beginning and at the end of the training period Since these are all 
Well-known methods or criteria no more will be said about them at this 
point 

11 Results of Eight Studies om Effects or Practice, under Different 
Experimental CONDmoNS 

In this section we shall present the results of the eight studies made under 
different experimental conditlona of acx, length of rest-pause between trials, 
and amount of distribution of effort 

Sliidy I Group A The S'a in this group consisted of 20 men A 
rest-pause of 60 seconds occurred between every trial at a given meeting 
The first meeting occurred on a Friday. Then E demonstrated to S the 
manner of working the board 5 then worked the board two times slowly 
and carefully without being timed Ten trials were then timed and the 
average of these ten trials was taken as the index of S'a initial formboard 
ability^ Then, on the following Monday and every day thereafter for 
five days, S worked the board 20 times at every meeting This made a 
total of 110 trials The average of the final ten trials was taken as the 
index of final formboard abili^ 

The following results were found by applying the three methods of cal¬ 
culating effects of practice. 

Criterion A First IQ trials* range 71+ to 4 82, difference, 2 32 
Final 10 trials range 442 to 3 47; difference, 0.9S. 

Result training has reduced range 1.37 units 

Criterion B First 10 trials. 0 68 is 11 35% of 5 99 
Final 10 trials 0 29 is 7 38% of 3 93 
S.D 

Result training has reduced - by 3 97. 

M 

Criterion C* 

Piist 10 trials' poorest 682, best S 20, difference, 1 62 
Final 10 trials, poorest A-Zl, best %, 3-59, difference, 0 72 
Result training has reduced differences 0 90 units 

Study II Group D The S’s involved in this group were also 20 men 
and the conditions of the experiment were exactly as those in Study II 

^It may be ob;ected that we should have used the first five, the first 20, 
01 othei groupings, and the last five, 20, or some other number Wc have 
made computations using these larger and smaller gioupings and it has 
made no diffcience in the above reports Hence, the results have not been 
reported in this paper 
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except that a reat-pauae of 30 seconds was taken bemeen trials on any 
given day. The results, by the three criteria of judgment, are given below 

Criterion A First ten trials range 7.22 to 4.67, difference, 2.SS, 

Final ten trials* range 472 to 2.93, difference, 1 79. 

Result training has reduced range 0 76 units 
Criterion B. First 10 trials. 0.69 is 12 06^ of S 72. 

Final 10 trials 0.4S is 11.93% of 3.77. 

S.D 

Result, training has reduced - by 0 13. 

M 

Criterion C 

First 10 trials poorest 6 70; best 4 95; difference, 1 75 

Final 10 tiials poorest 4 345 best 3 23; difference, 111 

Result, training has reduced differences 0.64 units 

Study III, Group G The ^s io this group consisted of 20 college 
women Otherwise the conditions were as those reported for Study II 
The results follow. 

Criterion A. First 10 trials, range 8 56 to 4.96; difference, 3 60 

Final IQ trials* range 4.73 to 2 96, difference, 1 77. 

Result training has reduced range 1 83 units. 

Criterion B First 10 trials 0 89 la 14 73% of 6.04 
Final 10 trials: 040 is 10.58% of 3 78 
SD. 

Result, training has reduced- by 4 15. 

M 

Criterion Ct 

First 10 trials, poorest %, 6.95, best 5.13; difference, 1.82. 

Final 10 trials poorest 4 30; best 3.22; difference, 1 08. 

Result, training has reduced differences 0.74 units. 

Study JV Group T> The fa in thia group were 20 college women. 
The experimental conditions were the same as in Study III with the excep¬ 
tion that ten trials were taken every day, after the initial meeting, for ten 
successive days. As in Study Til there were, in all, a total of 110 prac¬ 
tice trials The outcome of this study is glvea below. 


Criterion A: First IQ trials range 670 to 4 63, difference, 2.07 
Final 10 triala, range 4.51 to 3.44, difference, 107. 
Result: training has reduced range 100 units 
Criterion B: First 10 triaU: 0 54 is 915% of S.90. 

Final 10 trials: 0.25 Is 6.30% of 3 98 
SD. 

Result; training has reduced- by 2 85. 

M 

Criterion C* 


First 10 trials, poorest 6.55, best ;4> 5 17, difference, 1.38 

Final 10 trials; poorest 437; best 3.63, difference, 0 74. 

Result training has reduced differences 0 64 unite, 


Study V, Group E S’e in this group ware also all college women, 20 
in number The expenmenta! conditions were the same as in Study III 
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except that, following the initml meeting, the Si’s worked the board five trials 
every day for 20 days The results of this study follow 


Criterion A First 10 trials, range 7.96 to 4,96, difference, 3 00. 

Final 10 trials range SOg to 3 33 ; difference, 1.7S 
Result, training has reduced range 1.25 units 
Criterion B First 10 trials 0 83 is 13 63fb of 6 09 
Final 10 trials 0.46 is 11.44% of 4.02 

S.D. 

Result training has reduced - by 2 19 

M 


Criterion C. 

First 10 trials* poorest 54» 7 15, beat 5.13 , difference, 2,02 

Pinal 10 trials* poorest %, 4.30, beat 3 32, difference, 0.98 

Result, training has reduced differences 1 04 units. 


Study VI Group F Theie were 20 5*8, all men, in this group This 
study is n counterpart of Study III, the conditions being the same, with 
the following exception After having done 110 practice trials, every S 
came back on the following Monday and took a final test of 10 trials This 
made a total of 120 trials, instead of 110, as was the case in Study III 
The results are presented below. 

Criterion A First 10 trials range 7 00 to 4 SO, difference, 2 50, 

Final 10 trials range 4 38 to 2 98, difference, 140 

Result, training has reduced range 1.10 units. 

Criterion B First 10 trials 0.59 is 10 61% of 5 56 

Final 10 trials* 0 34 is 9 29 % of 3 66. 

SD. 

Result training has reduced-by 1 32. 


First 10 trials poorest fi»4-7, best *^85; difference, 1 62 
Final 10 trials, poorest best 54> 320; difference, 0 94. 

Result' training has leduced differences 0 68 units 


Study VII Group G This group consisted of 19 men S'o The con¬ 
ditions weie the same as in Study IV with the exception of the ten added 
final teat trials as mentioned just above This study may be regarded as 
the counterpart of Study IV The findings are reported below. 


Criterion A First 10 trials range 6.33 to 3 77; difference, 2.56 
Final 10 trials range 427 to 3.23, difference, 1.04. 
Result training has reduced range 1 52 unita 
Criterion B First 10 trials 0 59 is 11 54% of 511 
Final 10 trials 0 28 is 7 80% of 3.59 
SD. 

Result training has reduced - by 3 74 

M 


Criterion C' 

First 10 trials ■ poorest }4» 5 84; best 4 43 ; difference, 1 41. 

Final 10 trials poorest J4j 3.96, best 3 27, difference, 0 69 

Result training has reduced differences 0.72 units. 
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Study VIIL Group H This group consisted of 18 college men and the 
e-xperimental conditions were the same as those in Study V with the excep¬ 
tion of the added ten final tnaia as noted in Study VI Hence, this study is 
a counterpart of Study VI The results follow 

Criterion A First 10 trials range 6 71 to 4 01, difference, 2 70 

Final 10 trials range 4 29 to 3 00, difference, 1 29 

Result training has reduced range I 41 units. 

Criterion B Fust 10 trials 0 65 is 12.62% of S IS 
Final 10 tiials 0 36 is 10 23% of 3 50 

SD 

Result, training has reduced-by 2 34. 

M 

Criterion C. 

First 10 trials poorest 6,04, best 444, difference, 1 60 

Final 10 trials poorest 3 98, best 3 13 , difference, 0 85. 

Result training has reduced differences 0 75. 

The data which hare been presented indicate that systematic training 
has made the individuals more alike in our various groups 

III Conclusion 

Regardless of the criterion used, and regardless of differences of sex, 
length of rest-pause, or form of distribution of practice, the results of 
eight studies show that individual differences in our groups have been 
reduced by systematic training or practice Our data do not answer the 
question of what would have been the ultimate result if every subject had 
been trained to hia absolute physiological limit In the tnslc involved 

IV. DrscussioN or Conclusion 

The above conclusion is valid only in case the ability-time relationships 
which are used are valid. Since there la something of an inverse re¬ 
lationship, linear or curvehnear, between ability and time, it may well 
be contended that we should have used the reciprocnla of every time-value 
instead of working with such indirect relationships As time-value in¬ 
creases, it signifies a lesser ability and vice versa If the recipiocah of the 
time-values are used, one will arrive at an almost diametiically opposite 
conclusion, the data will indicate that training has uicreased individual 
differences 

It 13 possible that neither the method of converting our figures into their 
reciprocals nor using them in the rather simple and direct way that we 
have done is justifiable. Unfortunately, we do not know where the zero 
point is located in our time-abihty scale Certainly our S’i did not start 
at zero or at the same point on the scale Also, as one becomes more 
expert In the (any) task, the curve of efficiency shows a decided negative 
acceleration, which complicates our time-ability relationship. 

The Writer calls upon the reader to make his own interpretations of the 
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data which are presented The writer has not attempted to do more than 
say that, if A works the board in six seconds and 2? works It in four seconds, 
then, by a rough practical criterion, A has more efficiency Regardless of 
relative starting points on any efficiency scale and regardless of the fact 
that increase in efficiency cornea more and more slowly as practice con¬ 
tinues, the writer is still of the opinion that, at any point of development, 
the S who can work the board more quicWy than another is more efficient 
We have measured efficiency in terms of the amount of time needed to do a 
given, set unit of work 
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WEIGHT-HEIGHT RATIO AND PERSONAL ASCENDANCY 

Maphbits Smith 

The anthropometric characteristics of prominent persons have long been 
of interest to students, It has been conclusively demonstrated that superior 
height and superior fame are associated Ellis (3), Knssel (7), Rose (11), 
Sorokin (13), Gowin (4), and Hrdli&ka (6) report this fact for prominent 
adults Terman, Baldwin, and their associates (14), and Hollingwoxth 
(5) have demonstrated that intellectually superior children are taller and 
heavier than ordinary children, and that they also tend to be socially 
ascendant. Caldwell and Wellman (2), Bellingrath (1), Poindexter (10), 
and Smith (12) have reported a similar height superiority for leaders as 
contrasted with non-leaders and followers Weight, because it is closely 
correlated with height, Is also likely to be greater for ascendant persons 
than for the average of the population, or for followers, although an ex¬ 
ception has been mentioned by Smith (12), in a study of Indians 
Variability among outstanding people in height and weight, especially 
among so-called men of genius, is pronounced Ellis (3), indeed, considers 
variability to be the prime expression of the man of superior originality, 
achievement, and social recognition Kretschmer (8) goes even farther 
and, while distinguishing different physiques, most of which are dednitcly 
associated with certain mental and personality characteristics, points out 
that all physical types have their representatives among men of genius 
The relationship between body build and ascendancy is a complex problem 
because personal ascendancy is of several types, Executive leaders in social 
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groups, iti the business world, in politics, leaders iti art, literature, and 
music; leaders In intellectual life; child and adult leaders, leaders in 
small and in large social situations, and leaders both in static and in 
critical and changing situations are embraced under the general heading of 
ascendant persons Some are expert managers of the conflicting personali¬ 
ties about them, some arc leaders because of originality and creative 
intelligence, and some lead because they guard and support the patriotic, 
religious, and other in-group symbols capable of drawing out emotional 
responses from the masses of men In spite of diversity of types of as¬ 
cendant peisons, however, it is of as much importance to determine to 
what extent certain characteristics of bodily proportion are common to 
ascendant persons of all sorts as it is to study each specific type separately. 

One satisfactory method of studying the relationship between body build 
and personal ascendancy is to compute the weight-height ratio or coefficient' 
of ascendant individuals and to ascertain if it is greatei than that for the 
total population or for non-ascendant persons of the same general char¬ 
acteristics 

Hollingworth (S) found that 4-S children of more than 135 IQ had 
Q median weight-height ratio of between. 130 and 13S, as compared with a 
ratio of between 115 and 120 both for children of IQ's between 90 end 
110 and for children of less than 65 IQ Such a difference le sufficient to 
make it clear that there is very likely a reliable degree of superiority in 
weight-height ratio for children of strikingly superior intellect. Baldwin 
(14) In the study of California children of superior intelligence found that 
both boys and girls were more often overweight than underweight for their 
height and age It is, of course, impossible to argue that such evidence 
demonstrates an association between weight'height ratio and intelligetice. 
Several writers have claimed this, but Paterson (9) points out that the most 
carefully controlled studies have revealed only a slight positive correlation 
between various complex physical measures and intelligence. 

Data on weight-height ratio of eminent men are very inadequate, but by 
computing the ratios from Gowin’s (4) data, a partial answer may be 
had Table 1 shows that persons who held superior positions in a given 
occupation had larger ratios than those holding inferior positions. The 
amount of superiority ranged from 5 per cent for city school superintendents 
compared with principals of schools in small towns to 13 per cent for 
salesmanagers and railroad presidents compared to salesmen and station 
agents, respectively. 

Data on ratios for student leaders and followers are also limited but 
those that are available show a slight superiority in weight-height ratios 

100 weight 

'The formula most commonly used is-= weight-height ratio. 

height 
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TABLE 1 

Weight-Heioiit Ratios for Leaders or Supfrior and Inferior Positions 
WITHIN THE Same Occupation ai Group 



Position 

Weight-height ratio* 


Bishops 

249 


Preachers small towns 

232 


University presidents 

256 


Presidents small colleges 

235 


City school superintendents 

253 


Principals small towns 

226 


Presidents state bar 

243 


County attorneys 

232 


Sales managers 

268 


Salesmen 

227 


Railroad presidents 

263 


Station agents 

223 

*ComputationB by the piesent writer. 


for boy 

leaders, and disagreement concerning 

girl leaders and girl fol- 

lowers 




TABLE 2 



Belllngrath (1) 

• Smith (12) 


Boy leaders 214 

226 


Boy followers 209 

221 


Girl leaders 195 

194 


GiiJ followers 184 

202 


*Computations by the present writer 


The fact that Smith’s data were for Indians may account for the disa¬ 
greement of the studies Hollingworth has reported (5) a slight superiority 
m intellectual status of child leaders over their followers, This fact, 
together with the association between supeiior intelligence and weight-height 
ratio, already mentioned, supports the results of Bcllingrath for leaders 
of both sexes, and of Smith for bovsi 
Such data are too inadequate to prove much, a general picture of the 
relationship between weight-height ratio and ascendancy cannot be ob¬ 
tained from four studies, and there are not even sufficient data for n con¬ 
clusion concerning one type of personal ascendancy But the significance 
of the weight-height ratio justifies a few additional comments The ratio 
clearly has physiological implications First, it is considered by some 
writers to be an index of nutrition Second, Gowin (+) has pointed out 
that superior height and weight are associated with energy which, in turn, 
IS a powerful factor in leadership. Third, body build is related to glandular 
constitution and activity For example, many thin persons are influenced 
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by hyperactive thyroid or suprarenal glands^ whde obesity, and conse¬ 
quent high weight-height jatio, is associated with hypothyroidism and 
relatively sedentary physical habits, and hence with lack of sufficient 
effort to lend in certain situations. And fouith, body build is related to 
age in a positive manner. 

It is obvious that body build Is much more important during the critical 
period of leadership than afterward Even practical leaders, after they 
are firmly established in positions of authors^ nnd power, may step beyond 
limits in body build that would effectively prevent a rise to leadership if 
they had to compete with other ambitious men for the positions they hold. 
This fact partly explains the weight-height ratios of such groups as sales 
managers and railroad presidents (Table 1), which are somewhat above 
the moat favorable ratio for leadership at earlier ages and in periods of 
actual rise to positions of leadership. 

The prestige effect of body build, aside from the factors of strength and 
energy associated with body build, la of slight importance in personal 
ascendancy. Large size is probably impressive to potential followers, but 
well-proportioned persona of average size are little if any more impressive 
in a leadership sense than poorly proportioned persons of the same height 
or weight. Athletic prowess and gracefulness of small as well as large 
persons impresses most observers favorably, but contributes nothing to 
chances for leadership in anything except athletics, dancing, or in some 
position, that depends to a great extent upon physical fitness 
Research on this problem should be directed toward the relationship be¬ 
tween weight-height ratio and ascendancy in various types of social situa¬ 
tions, the situations being defined by the spatial and social location, the 
characteristics of the persons concerned, and the type of activity in which 
ascendancy occurs It seems likely that for each social situation there are 
limits to the weight-height ratio of successful leaders. If the ratio is too 
low, the person is lackadaisical and easily fatigued, and is hence likely to 
he unsuccessful in types of leadership which require strength and endurance 
If the ratio is too high, and the person is inactive, not because he does not 
possess energy enough, but because bts energy cannot easily be released 
in leadership activities, he is again unlikely to be a leader Beyond as yet 
indefinite, but certainly broad, limits of weight-height ratio, it seems prob¬ 
able that permanent administrative leadership will be very rare if not 
entirely absent, while the limits will be even more restricted for the period 
during the rise of the person to the position of leadership. 

Mental and artistic leadership, however, is much less restricted by body 
build than is leadership requiring great physical effort, The presentation 
of stimuli to others, the clash of wills, the effort to persuade or influence 
other men, are much less necessary in symbolic than in executive leader¬ 
ship. Energy of course must be available for suppoiting long hours of 
work requiring attention and energetic thought or action of the muscles 
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required in painting or writing, but the limits of body build are broader 
than they are for success in executive leadership Body build, per se, is ap< 
patently of even less importance as an aid to artistic and intellectual 
leadership through the agency of prestige than it is to practical leadership 
of the face-to-face variety 
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IMAGERY—TO WHAT EXTENT IS IT A FUNCTION OF THE 
MAZE PATTERN? 

Thurman C Scott 

Sackett (4) calls attention to the fact that about two-thirds of his S's 
used visual imagery in learning, and about three-fourths of them used it in 
rehearsing the maze pattern. Only about one-fourth of his S’s used the 
verbal method, and a much smaller percentage used the motor method. 
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He points out that thie distribution of methods of attack in maze learning 
IS different from that found by Warden (7), Husband (1), Lambert and 
Ewert (2), and Scott (S) 

A comparison of the findings of the above authors would seem to indicate 
that this difference Is due to a difference in the types of mazes used, that 
the maze pattern itself is a rather important factor m determining the type 
of imagery used Husband (1) suggests this answer, but unfortunately 
uses mazes some of which, because of lack of difficulty or lack of reliability, 
do not indicate this clearly In comparing four types of mazes, F, X, and 
T, he finds that comparable groups behave differently when confronted 
with these maze patterns of different construction This means, then, as 
he states, that there are no types of individuals who fall universally 
into certain methods of learning He fails, however, in the case of the 
fi- and T-type mazes, to find how frequently a maze of a Certain type calls 
forth a certain method of attack—in the J-type largely because of much re¬ 
tracing nnd lack of reliability in general, and in the T-type because of 
lack of difficulty of the maze He concludes that for mazes of S-, F-, and 
X-type, the verbal or counting method is the predominating and most 
efficient one This is particularly true of die A’-type and is least true of 
the iS-type maze, In fact, he finds that the A!’-type can be learned only 
with the greatest difficulty bv any other than the verbal or counting method 
It la extremely difficult by the motor method. The evidence, however, is 
not so clear for the T-type (circuitous) maze which Sackett used The 
reason for this is that this maze proved to be too easy to call forth any 
predominant method Husband found, though, that visual imagery occurred 
more frequently with this type maze, about one-fourth ot the S’s stating 
that they had gotten a mental picture of the correct pathway 

The present writer has obtained results (5) which corroborate Husband’s 
findings, and indicate still more clearly the importance of the maze pattern 
as a factor in determining the type of imagery used by the S’s In using a 
maze (maze (?) identical in pattern and construction to Husband’s i9-tvpe 
(old type stylus maze), he obtained results which diffeied but little from 
those of Husband. Husband found that the motor method predominated, the 
verbal method was second in importance, and the visual method was a 
poor third. The present vrriter believes that, in his study, the verbal method 
was predominant, with the motor method a very close second, most of the 
S’a using a conubination of these two methods The visual method was the 
exception rather than the rule. Warden (7), using the same maze, found 
that 18 out of 40 S’s used the verbal method, 12 the visual, and 10 the 
motor method, the verbal method being about four times ns efficient as the 
motor and twice as efficient as the visual. The present writer, using the 
same pattern stylus maze, but one in which the stylus fit stiiiffly ui the 
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groove, found that about two-thirds of the S's used the verbal method in 
whole or part The same wa^ true of the same pattern in high relief form 
(Husband’s J'-type) (l) No S’s were found using visual imagery in learn¬ 
ing these last two mazes The author’s findings (6) with the AT-type mazes 
also agree with Husband’s results in that this type maze practically forces 
the S to use verbal imagery In reference to Husband's T-type maze, 
the author, using one of similar pattern but of stylus construction, obtained 
results which clearly indicate that visual imagery predominates here This 
maze, which in this study (S) was labelled E, is very similar to the 
one used by Sackett and the results are practically the same as his. Nine of 
12 S’s learned this maze with a combination of visual and motor imagery, 
aided somewhat by verbal cues. Two S’s Jearned it in a purely verbal man¬ 
ner and one S in a motor manner These last three S’s had much poorer 
records than the nine who used the visual-motor method The promin¬ 
ence of motor and the presence of verbal imagery here was unquestionably 
due to the fact that maze B was the second of a senes of mazes which 
these S's learned It was preceded by maze C, alieady referred to, a mare 
of the old stylus type, identical ia pattern to Husband’s S-type maze, and 
a maze which the author has found usually calls forth verbal or motor 
imagery or a mixture of the two, and very rarely calls forth visual imagery. 
In fact, these 12 S’s, as nearly as can be determined, can be ctsssi/ied on 
maze C as follows four used the verbal method, two the motor, and the 
other six a combination of the two None of them used the visual method 
the first day On the third day, after learning E the second day, these S's 
were again given maze C without being told that it was the same maze, 
and can be classified as follows' seven verbal, one motor, and four combina¬ 
tion of these two. This would seem to indicate that the predominance 
of visual imagery used in learning maze E is not due to any peculiarity of 
the S’s or conditions of the experiment, but is due to the pattern of E, 
It would also seem to indicate that there would have been less motor and 
verbal imagery present had E been the first rather than the second maze 
learned It was rather evident that the two S’s who learned I? in a purely 
verbal manner and the one S who learned £* in a motor manner had de¬ 
veloped these methods of attack the iirat day in learning maze C and were 
bolding on to them the second day at all costs 
In this same study (5) the author found further evidence of the im¬ 
portance of the maze pattern in deteimimng the type of imagery used 
This is in connection with mazes labelled N and /f'. These are stylus 
mazes of the so-called T- or i/-type, the only difference being that the 
middle part of the head of the T was a shallow V rather than a straight 
line The outer ends of the head, however, were perpendicular to the stem 
Maze N, like E, was preceded by maze C, a maze which, as has already 
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been pointed out, calls forth in somewhere nearly equal degrees verbal 
ond motor types of imagery. Shifting to N caused a change of imagery or 
method of attack, the most striking being a change from verbal to motor 
Eleven of the 15 S’a in this group made a distinct shift toward motor Imagery 
in learning N. In a few caseSi a complete change wag made from verbal 
to motor imagery. In only one case did a pure verbalizer remain so when 
he learned N Maze was of similar design, and practicdlly the same 
aUtwuervt could he made about h. fr, however, Uke £, was followed 
by maze C the third day, and there was a rather pronounced shift back 
to verbal imagery on this last day, only two of the 12 S’s depending mainly 
upon motor imagery. These two used the motor method straight through. 

Scott and Henninger (6), using the Warnei-Warden bilaterally sym¬ 
metrical maze, both in stylus and high relief form, and Allison’s version of 
this in high relief form, find further evidence of the fact that the imagery 
or method of attack may be a function of the maze pattern, The four- 
alley length of this alternating maze (only Allwon’s maze was used in this 
length) was too easy to call forth imagery to any great extent, but the eight- 
alley lengths, while still quite easy, did cause the S’s to develop a rhythm in 
their movements which led them frequently to run through the mazes 
perfectly before they were aware that they knew the pattern This rhythm 
was developed with very Uttle thought, and was for the most part thrust 
upon the S’s by the pattern of the maze. 

Perrin’s findings (3) In regard to imagery seem at first thought to be 
contradictory to the above results He found, as Sackett states (4), that 
each of hU S’a was inclined to adhere to hU particular irnage equipment 
for all mazes. This conclusion, however, becomes less contradictory when 
examined carefully In the first place, the patterns of all four of his 
mazes were so irregular Chat it could hardly be said that there were 
radical dilferences between them, and there would be little basis for 
predicting that they would call forth distinctly different types of imagery 
In the second place, it waa actually found that there was very little uni¬ 
formity of imagery on any one maze, this being due, it seems, to the fact 
that the mazes were so unsystematic. One of them was a modification of 
the old Hampton Court maze and the other three were equally lacking in 
plan and reliability. In the third place, Perrin states that he was unable 
to find any correlatio-n between the type of imagery used and the efficiency 
in maze learning This finding, which has not been verified in more 
recent studies, Is due, it seems, to the unsystematic patterns of the mazes 
used and to the fact that, when such patterns are used, many S’s use 
several types of imagery That la, they will use difierent kinds of Imagery 
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for different sections of one maze. Such S's, of course, cannot be classified 
as belonging to this or that distinct imagery type, 

Lambert and Ewert (2) also find no great difference in methods of 
attack when two mazes are learned successively This, however, also 
does not contradict the author^s findings, since these two mazes were of the 
same eci'ctal design They were of the Pechstein adjustable design and 
were both somewhat distantly related to the circuitous type, And, as 
might be expected, a larger percentage of the two groups used visual 
imagery than would ordinarily use it on a non-clrcuitous maze. On the 
first maze, 40 per cent of the combined groups used visual imagery, and 
on the second 35 per cent used it 

Discussion 

It might be well to attempt to answer the question why these particular 
types or patterns of mazes call forth these particular methods of attack In 
the case of the old-fashioned stylus maze, such as Husband's ^-type, 
where the stylus fits loosely in the groove, and where a certain amount of 
retracing may be allowed, it is very difficult for the subject to analyze the 
maze into its moves or units In fact, quite frequently he is not able to 
do this at all and learns to get through the maze without ever having a 
very accurate picture or idea of the maze pattern He learns the maze, 
too, with a great deal of difficulty, thia difficulty being accompanied by 
a certain amount of emotional strain, A subject, when hard pressed in this 
manner, will attempt to profit by any experiences which may be used to ad- 
sdysntsge, regard}ess o£ hove varied they ntay be. A cue of one type may 
occur to him at one point m the maze and a cue of an entirely different 
type at another point Because of the emotion and the Inaicuracy of his 
ideas of the pattern, it may never occur to him that either type cue could 
be used at any other point m the maze or throughout the maze It is not 
surprising, then, that one occasionally finds mixtures of verbal, motor, 
visual, and even auditory imagery in one subject in the learning of one 
maze of this type. Motor imagery probably occurs here more frequently than 
any other kind, since any other type of behavior, it seems, would be more 
dependent upon analysis of the pattern li analysis is very difficult, there U 
nothing left to do but to depend upon kinestheais 

In using this type of maze, the author did not allow retracing, and 
believes, for this reason, that his subjects were able to analyze the pattern 
somewhat more easily than Husband's S’s, and consequently used more 
Verbal imagery, 

In the case of mazes N and JV (old stylus typejj however, where, in ad¬ 
dition to the vertical and horizontal moves, a third directional movement 
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Was Introduced, most S’a gave tip any attempt to analyze the maze into 
units. One could slip so easily from the stem of the T into the /^-section 
of the head and from that into the horizontal section that it was very 
difficult to realize just where a change of direction was made, and many 
S's became quite confused ia regard to directions actually traversed. Unit 
analysis is extremely difficult in a situation of this kind, and most S’s, as 
stated above, fell back on motor imagery 

Analysis of the maze pattern is much easier in the improved form of 
the stylus maze where the stylus fits the groove snugly. As hna already 
been pointed out, the wntet obtained the same results with this maze that 
he did with an identical pattern in high relief form (Husband’s F-maze), 
about two-thitds of both groups of S’s using the verbal method m whole or 
part In these mazes all correct vertical moves lead away from the S and 
moat S’s soon learn that the critical points are where the stems of the T's 
join the heads, In other words, they soon learn that a vertical move oilers 
no possibility for error, and that the only question they must decide is 
whether to turn to the right or left at the end of this move The next step 
19 to count the number of lefts or rights occurring together, use sonne system 
of grouping these numbers, and the S has completed the best method for this 
^pe of maze—the verbal method. 

The motor method, however, can be used on this maze, as is evidenced 
by the fact that something like one-third or one-fourth of the S's depend 
mainly upon it The reason for this is that the correct moves to the 
right or left lead one, by degrees, depending upon the number of moves 
in one direction in succession, away from the more or less arbitrary mid- 
linc in the maze connecting die starting point with the goal The S 
develops a "feeling" in his arm to go so far to the right at this point and 
not so far at that point An S using this method, though, has n great deal of 
difficulty with those moves which fall on ot near the mid-lme. His dis¬ 
crimination, in terms of kinesthesis, is not accurate enough to determine his 
distances at these points, and this results la his making many more errors 
here than would be necessary with the verbal method. 

This is the reason why the motor method c^n hardly be used on the Af- 
type maze All the moves in this maze are equally distant from the middle, 
each one starting from the mid-line and consisting simply of a brief excur¬ 
sion out to the right or left and back to it again. In other words, all of 
these moves are identical klnesthetically in terms of their extent to the right 
or left of this mld-hne connecting the starting point with the goal, The motor 
cues are reduced to a minimum and the S's are practically forced to use the 
verbal or counting method 

The circuitous maze is in e class to itself It differs from the mazes 
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discussed so far m that, m addition to right and left turns and vertical 
moves away from the S, vertical or perpendicular moves back toward the S 
are introduced. This makes it more difficult for the maze to be learned 
in terms of rights and lefts, because the S cannot take his position aa ref¬ 
erence point for all these moves If the S insists on using this method, 
he must abandon his position as reference point and imagine himself bodily 
traversing the pathway in the maze as he would a road or sheet tuinmg to 
the right here and to the left there These rights and lefts, however, are 
difficult to remember, since his imaginary position is continually shifting 
aa he changes directions These mazes can be learned in this manner, but 
the more normal and efficient method is to visualize the pattern in some 
manner. Some S's visualise it in terms of city blocks or squares of land 
Others see the maze os a map, the pathway being the boundary line which 
separates a state or country from surrounding states or countries. StiJ! 
others think of the pattern in terms of geometric designs which are made up 
of straight lines and right angles In fact, there may be a great deal 
of variation here in regard to the actual elements of the thought process, but 
in most cases visual Imagery is the basis for them The S merely has to 
traverse the maze a time or two to see a rather definite form or outline begin 
to take shape Tins may be reinforced m spots by motor or verbal 
imagery, but by far the greater part of the outline Is obtained too easily and 
quickly to be verbal or motor in natuie Verbal imagery, it seems, requires 
a certain amount of effort and forethought on the part of the S, and motor 
imagery requires effort and time Neither requirement is particularly evi¬ 
dent here in the case of visual imagery It occurs without much effort, fore¬ 
thought, or time, the reason being that we have had many experiences which 
fit Us for such a task. If S’s could be found who had had no experiences with 
city streets or squares of any sort, with maps, nor with geometric designs, 
they might not visualize here so readily Such S's, however, cannot be found, 
and, since such visual experiences make up so impoitant a part of our daily 
lives, It is to be expected that they will lie drawn upon and frequently trans¬ 
ferred in whole to the solution of an artificial problem like that which 
confronts us in a maze situation. 

Summary and Conclusions 

It would seem, then, that the maze pattern itself is a very important factor 
in determining the type of imagery or the method of attack used by the S in 
learning the maze. Any maze which is systematic, and is reducible to some 
common unit, is found to call forth in the majori^ of cases a certain type or 
types of imagery peculiar to it It is only the unsystematic maze, the ore 
which IS not reducible to a unit of construction, that not only calls forth 
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varied types of imagery in one S, but may produce a variation in imagery 
from S to S. 

1 The old type stylus maae of Husband's S- or the author’s C-type la 
found to call forth verbal and motor imagery in about equal quantities. 

2 The author's new type stylus ma 2 c and Husband’s T-type high-relief 
maze are found tq call forth verbal imagery m about two-thirds of the S’g 

3. The author's N and old type stylus mazes involving three direc¬ 
tions are found to call forth motor imagery in practically all S’s 

4i Husband's ^-type high relief mazes are found to require verbal 
imagery of all S's. 

5 The citwUouB mawB used by Sackett and the author are found to call 
forth visual imagery in from two-thirds to practically all S's 
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Evelyn Dewey Behavior Development in hifanls A Survey of the 
literatHfe on Prenatal and Pottnaial Activity, 1920-1934^, New York. Co¬ 
lumbia University Press, 1?35 Pp viii + 321. 

Under the sponsorship of Dr. Myrtle B McGrav?, Dr L, Beverley Chaney, 
and Dr F’redencfc “Tifney, ttie author of this volume, with assistance from 
other workers, has brought together a survey of much of the most signi¬ 
ficant current literature on the growth of infant behavior. The purpose 
of the survey is not to cover all of the literature in this complex field, but 
rather to select and organize some of the moat salient results available 
as a result of recent research, 

The first section of the book is devoted to a brief consideration of 
theories of development Keference is here made to the correlation of 
structure and function from animal studies, with especial rcfeience to 
the correlation of the myelmization of the nervous system and behavior The 
reader will especially profit by the dear review of the work of Dr. Tilney 
presented m this section 

The next part of the book deals with development during the fetal 
period Although veiy brief, this section, within its compass, gives the 
reader a real intioduction to the present status of the scientific knowledge 
of this period. The section dealing with the neonatal period is possibly more 
complete, The point is clearly made, however, by detailed reference to 
relevant studies, that practically all of the reactions iccorded in this period 
have been developing in nlero and aie possible during the fetal period 
imdet appropriate conditions The hookas organization seems to emphasize 
Separate periods of development, but it is clearly pointed out in a number of 
places that any break in the sequence of development is purely arbitrary 

In die section of the book dealing with miancy, studies dealing with 
locomotion, hand and arm reactions, and the reactions of pioblem solving 
and language aie most fully dealt with 

In conclusion the question is raised whether it is not possible that a 
tendency to discard the aider reflex-arc view of behavior may not have 
gone too far In this connection a plea la made for the full consideration 
of growth processes which seem to involve specific as well as orgnnismic 
changes 

No two trained workers in this field would probably have singled out 
exactly the same studies fiom the laigc literature available concerning 
child development It seems clear, however, that the selection and inter¬ 
pretation given in this volume is certainly useful The book is sure to be of 
assistance to many students of the growth of behavior, and indeed all who 
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are interested in this field must feel grateful that the book has been 
written and published 

One or two minor bibliographical errors have crept into the volume, but 
no one of these is such as seriously to interfere with the satisfactory 
identification of the reference in question The inclusion of authors' names 
in the index would have been valuable 

Leonard Carmichael 

Browt University 
Pi ovidence, Rhode Island 
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A REPORT ON THE TEST-RETEST PERFORMANCE 
OF 38 COLLEGE STUDENTS AND 27 WHITE RATS ON 
THE IDENTICAL 25-CHOICE ELEVATED MAZE* 

From the Department of Psychology and Education of Maryville College 


Clark Lathan and Paul E. Fields^ 


Since the publication of Husband^s article (I) in which he com¬ 
pared the maze learning of human adults and white rats, his data 
have been widely quoted as representative of the learning of the 
species involved, although he clearly stated that some of the com¬ 
parisons were not to be taken as conclusive because of the differences 
in techniques involved In order to test these conclusions and at the 
same time secure some comparative data on the retention of the maze 
habit, a somewhat similar experiment was performed under more 
nearly identical physical conditions for the two groups of subjects. 
Mr. Lathan completed the experimental work in the spring of 1934 
and the members of a class m Statistics under Miss Gamble completed 
the statistical analysis of the data the following year. 

In the present study the same maze was learned by groups of 
humans and rats under as nearly equal physical conditions as could 
be achieved. The points of similarity (identical for humans and 
rats) were (a) preliminary orientation was attained by use of a 
straightaway, {b) the same maze was used for both groups, (c) the 
number of trials per day was constant, {d) learning criteria were 
identical, and (e) a rest period of the same time interval was follow¬ 
ed by retraining until the oiiginal criteria were met 

The obvious points of dissimilaiity were. («) the motivation was 
not equated, (b) the humans walked on the floor and followed the 
pathway with their hand, while the lat’s entire body was on the ele¬ 
vated path, and (c) the human was blindfolded, the rat’s vision 
was not obstructed. 

One other factor has been mentioned which was supposed to 


*Accepted for piiblicntion by Carl Murchison of the Editorial Board and 
received in the Editorial Office, August 14, 1935 
Presented befoie the 1935 meeting of the Southern Society for Philosophy 
and Psychology 
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■work to the disadvantage of the human subjects It was assumed that 
humans were not accustomed to walking about blindfolded in maze 
situations, and that the rats were right at home in such an environ¬ 
ment. It IS the writer’s belief that the rats were at a disadvantage, 
instead of the humans. They exhibited more "nervousness” and 
"emotional” behavioi as the result of being placed on a strip of wood 
one inch wide, thirty inches above the floor than did the humans when 
they weie blindfolded and walked on the floor with their hand on the 
maze as a guide rail The rats had never been outside of then liv¬ 
ing cages nor had they had any maze experience until they were 
started on the problem, thus the environment was an entirely new 
one for them 


Apparatus 

The straightaway was four units (12 feet) long Each unit was 
built of 1 inch material, the part the rats tiaversed being 30 inches 
above the floor and 36 inches long These units were drilled in the 
middle of each end and 9 inches and 18 inches fiom each end so that 
they could be fastened together with nails to hold them more rigidly 
in place. This was especially necessary with the human subjects or 
they would have knocked the maze down by body contacts It was 
also a help with the rats for the greater stability did away with 
slight movements which always made them run more cautiously 
The plan of the maze used is shown in Figure I. It was construct¬ 
ed of 37 units so arranged as to give ten right and ten left turns 
in the true pathway, which was 45 feet long. At five of the choice 
points the subjects were to run straight ahead and not turn Ten 
of the 20 turns were T turns. There was no provision to prevent 
retracing. The maze was cleaned before each day’s trials. 

Method 

Subjects There were 38 human subjects, 19 college students of 
each sex, no relatives, and 27 white rats, 14 males and 13 females 
representing eight different litters from 4-7 months old 
Pieliminary Training The humans were blindfolded, hand put 
on top of the straightaway and told to follow it until the experi¬ 
menter said "The end.” They were given three trials m one day 
on this straightaway. No additional statement was given when 



CLARK LATHAN AND PAUL E. FIELDS 


285 



FIGURE 1 
Maze Plan 


transfcired to the maze on the following daj’’. The rats, after a 24- 
hour staivation peiiod, were placed on the straightaway with food 
at the end Aftei thice trials in one day they were transferred to 
the maze The average weight when started on the straightaway 
was 165 grams, and they lost about ten grams apiece during the 
time they were learning the maze. Thus the hunger diive was not 
extreme 

Cuteuon Membeis of both groups were given three successive 
tiials per day and were removed from the maze as soon as they met 
the criterion of one day’s runs with no enois. Exactly 30 days after 
meeting the criterion each subject was brought back for the retest 
(none of the subjects knew that they were to be retested). The time 
of the run was constant from day to day 
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Results 

Means, standard deviations and the reliability of ike differences. 
The means and standard deviations for the two groups on twelve 
different measuies, together with the reliability of the difference 
between the means are presented in Table 1. For the original learn- 


TABLE 1 

Meaks for Orightal Test 



Humans N-38 

mean sigma 

Rats N-27 
mean sigma 

D 

Tnala to meet criterion of 3 
errorless runs in same day 

22,26 

9 74 

16.29 

4 54 

3 31 

Trials to meet criterion of 3 
consecutive errorless runs 

19 68 

9.56 

1411 

4 72 

3 10 

Trials to meet criterion of 2 
consecutive errorless runs 

18,00 

8 81 

11 30 

4.61 

3 99 

Trials to meet criterion of 1 
errorless run 

13.11 

5.64 

7 67 

1 68 

5.61 

Total time 

3137 47 

1162 25 

2636 88 

1473.00 

1.47 

Time, first two trials out 

2443 23 

1477.25 

765 59 

477 50 

6.54 

Total errors 

88 13 

50 80 

75 44 

36 88 

1.17 

Errors, first two trials out 
Forward going errors 

59.55 

38.86 

24 96 

17 78 

4.82 

77 00 

42,67 

S3 74 

21 83 

2 87 

Forward going errors, first two 
trials out 

5447 

35 27 

20 44 

11.32 

5.56 

Forward errors less duplicates 

72 24 

38 64 

38 06 

12.04 

5 11 

Forward errors less duplicates, 
first two trials out 

5434 

35 34 

19.54 

8 74 

5.82 


ing, the rats were reliably better than the humans on ten of the 
twelve measures The total time and the total errors show no reli¬ 
able differences between the two groups, but when the first two 
trials were omitted the rats were definitely superior. The rats also 
met the various criteria of one errorless run, two and three consecutive 
errorless runs, and three errorless runs in the same day in fewer 
trials than did the humans. The rats were less variable on all mea¬ 
sures except total time, for which there vvas no reliable difference 
between the means, 

As shown by Table 2, the lelearnmg data present a different 
picture. The humans were better than the rats on each of the five 
measures where reliable differences weie obtamedi namely, the number 
of trials required before making one errorless run and two consecutive 
errorless runs, total errors, forward errors, and forward errors less 
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TABLE 2 

Means for the Retest 




Humana N-38 
mean sigma 

Rats N-27 
mean sigma i 

D 

<^dUf 

Trials to meet criterion of 
errorless runs in same day 

3 

3.39 

2 23 

4 50 

2 00 

2.10 

Trials to meet criterion of 
consecutive errorless tuns 

3 

1.42 

I 94 

2.15 

1.78 

1 56 

Trials to meet criterion of 
consecutive errorless runs 

2 

92 

1 48 

2 04 

1.48 

3 00 

Triafs to meet criterion of 
errorless tun 

t 

.45 

1 02 

1 96 

143 

4.73 

Total time 


410.81 

236.50 

525 59 

331.50 

1.54 

Time, first two trials out 


209.55 

164,50 

162 70 

103 2S 

141 

Total errors 


ISO 

2 23 

11.37 

8 52 

5.8B 

Errors, fiist two trials out 


.65 

1 59 

96 

1.87 

.70 

Forward going errors 


142 

2 IS 

7 88 

6 20 

5.20 

Forward going errors, first two 
trials out 

.6$ 

1 59 

85 

14S 

.52 

Forward errors less duplicates 

155 

2 15 

6 26 

4.56 

498 

Forward errors leas duplicates, 
first two trials out 

68 

1.91 

85 

1 58 

.38 


duplicates. As a gioup the rats had learned more rapidly than the hu¬ 
mans, but they also forgot more rapidly The fact that the number 
of trials required to meet the criterion of three errorless runs in one 
day was not reliably different indicated that the rats relearned the 
maze very rapidly The rats were less variable on five of the twelve 
measures on the retest, but none of these had reliable differences 
between the means. 

Leainmg data When the error data shown in Table 3 were 
inspected, it was seen that with the exception of the very first trial, 
the rats were always below (superior to) the humans. The error 
data for the retest showed the humans were superior on the first 
three trials, but not as accurate as the rats thereafter 

The time data in Tabic 3 for the original learning showed the 
rats to be superior to the humans on every trial except the first two 
On the retest, with the exception of the first trial, the rats were 
better than the humans all the way. These data indicate that the 
humans had the advantage on the first trials, but that it was then 
lost and the rats ran more rapidly and with fewer errors thereafter. 

Disiribntioji of eno}s Table 4 presents the average nuniiber of 
errors per blind alley for the two groups of subjects These data 
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TABLE 3 

Average Time and Errors per Trial for Humans and Rats 


Trials 

Test 

Time 

Humans Rots 

Errors 

Humans 

1 

Rats 

Time 

Humans 

Retest 

Rats 

Errors 

Humans Rats 

1 

472 

1632 

182 

40 0 

111 

307 

5 

89 

2 

221 

256 

10 S 

104 

89 

61 

3 

1.5 

3 

163 

117 

74 

32 

SO 

40 

.2 

.5 

4 

209 

126 

7.0 

5 6 

78 

51 

4 

.4 

5 

239 

64 

64 

2 8 

72 

41 

3 

.1 

6 

134 

SI 

44 

1 6 

69 

34 

2 

.0 

7 

148 

43 

43 

1 8 

S3 

43 

0 

.0 

8 

12S 

39 

40 

1 5 

55 

37 

0 

3 

9 

106 

40 

3 8 

1.5 

60 

35 

0 

.0 

10 

118 

45 

3.6 

1 9 


37 


.0 

11 

101 

35 

24 

1 3 


30 


.0 

12 

101 

30 

22 

5 


30 


.0 

13 

114 

35 

22 

8 





14 

93 

34 

20 

7 





IS 

88 

31 

1.6 

.5 





16 

107 

30 

1 8 

9 





17 

106 

27 

14 

7 





IS 

83 

2S 

I 1 

4 





19 

90 

32 

1 $ 

.5 





20 

34 

30 

9 

.5 





21 

79 

24 

8 

.4 





22 

92 

29 

1.3 

.0 





23 

76 

23 

.8 

.5 





24 

71 

22 

.3 

3 





25 

81 

18 

12 

0 





26 

70 

16 

1 1 

0 





27 

70 

16 

9 

0 





28 

73 


.9 






29 

66 


.5 






30 

63 


9 






31 

69 


1.0 






32 

66 


.8 






33 

63 


3 






34 

67 


1 3 






35 

57 


7 






36 

57 


.7 






37 

63 


0 






38 

54 


5 






39 

54 


1 0 






40 

58 


2.5 






41 

43 


1.0 






42 

42 


1 5 






43 

58 


5 






H 

53 


5 






45 

51 


5 






46 

52 


10 






47 

55 


.0 






48 

55 


20 






49 

55 


1.0 






SO 

56 


10 
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TABLE 4 


Distribution 

or Forward 

Errors Less 

Duplicates per 

Blind Alley 

Number of 
blind 

Type of 
blind 

Directioo 
of choice 

Average error 

Humans Rats 

1 

T 

R 

473 

4 11 

2 

T 

L 

1 37 

1 67 

3 


S 

6 68 

2 67 

4 


S 

3 26 

1.33 

5 


L 

7 00 

2 29 

6 


R 

368 

2.88 

7 


R 

790 

1 59 

3 


S 

3 03 

1 18 

9 

T 

L 

3 42 

296 

10 


R 

174 

1 63 

II 

T 

R 

I 13 

.407 

12 


L 

3 87 

1 22 

13 


S 

1 29 

.074 

14 

T 

R 

406 

407 

15 

T 

L 

S 63 

741 

16 


R 

32+ 

704 

17 


S 

2 84 

.407 

18 

T 

R 

895 

2 10 

19 

T 

L 

1 92 

33 

20 

T 

L 

7.98 

1.67 

21 


R 

869 

1 67 

22 

T 

L 

4 75 

1 26 

23 


R 

3.03 

3 85 

24 


L 

3,82 

1 48 

25 


L 

4 47 

140 


arc fuither analyzed with respect to the type of intersection and di¬ 
rection of the correct path m Table 5. From this analysis it is evi- 


TABLE 5 

Distribution of Forward Errors Less Duplicates Accokdino to the Type 
OF Intersection and the Direction of the Choice 



No and type of 
intersection 

Percentage of 
Humans 

error 

Rats 


10 

T-mteraectiona 

317 

346 



5 R choices 

0+5 ( 141) 

206 

(.597) 


5 L choicce 

272 ( 859) 

1+0 

(.403) 

5 

S 

.239 

149 



1 R 

093 ( 390) 

.071 

(470) 


4 L 

1+6 ( 609) 

.078 

( 530) 

5 

R 

.095 

311 


5 

L 

347 

191 
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dent that the T’-intcrsecCions accounted for an equal per cent of 
each group’s errors, but of these, the left turns accounted for 86 per 
cent of the humans’ errors and only 40 per cent of the rats’ errors 
The intersections at which the correct path was continued straight 
ahead accounted for 24 per cent of the humans’ incorrect responses, 
and only 15 per cent of the rats’, with one right turn contributing 
more than twice its proportionate share of errors. The five inter¬ 
sections where the correct path turned to the right (not T-inter- 
sections) contributed 10 per cent of the human’s total errors and 31 
per cent of the rats’ errors The five left turns of the same type 
furnished 35 per cent of the human’s errors and 19 per cent of the 
rats’ errors. The humans had established some kind of a “right 
turn tendency*’ which did not seem to affect the rats. 

The maze was divided into three parts and the per cent of error 
determined for each section As shown by Table 6, the middle sec- 

TABLE 6 

Distribution of Errors 

Original Teat Retest 



Total 

errors 

Forward 

errors 

Total errors 




less duplicates 




Humans 

Rats 

Humans 

Rats 

Humans Rats 


per cent 

per cent per cent per cent per cent 

percent 

First section 







(Blinds 1-8) 
Middle section 

35 

60 

32 

47 

40 

45 

(Blind 9-17) 

Final section 

SO 

IS 

29 

16 

25 

14 

(Blinds 18-21) 

^5 

2S 

39 

37 

35 

41 


tion, even though it had one more blind alley than the other 
sections, was the least difficult. On the original learning, the first 
and last sections were of about equal difficulty for the humans, but 
the first section was decidedly harder for the rats. On the retest 
the first section was the hardest for both groups. 

When the number of the alley w£^ correlated with its actual 
diificuity as measured by the number of errors made on it, a positive 
correlation would indicate that the last part of the maze was the 
hardest As shown by Table 7, only one correlation is significant 
(—-59), and it shows the first part of the maze to be the most diffi- 
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TABLE 7 

CoNMSTEwcv OT Maze 




Humans 

Rats 


1. 

Niirnber of blind with its total 
errors. Original learning 

02S 

— S90 


2. 

Number of blind with its total 
errors Retest 

— 0S6 

— 095 


3. 

Number of blind with ita for¬ 
ward errors less duplicates 
Original learning. 


— 247 


4 

Difficulty of olleys c«j the test- 
retest. 

824 

747 


5 

Total errors per alley at humans 
with rats Original learning 



lU 

6. 

Total errors per alley of humans 
with rats Retest 



056 

7 

Forward errors less duplicates 
per alley for humans against 





TQis Original learning 



023 


cult for the rats. There ivas no correlation between the kind of 
errors made by the humans and the rats, although there was a con- 
istency in the difficulty of the alleys in the test-retest situation as 
shown by the correlation of .83 for the humans and .74 for the rats 

The average errors per trial for the 8 most difficult blind alleys 
shown in Table 8 indicate that the alleys were not all of equal 
difficulty and that they differed in that respect between the rats and 
the humans 

ReliabihUes. Rank differences and Pearson product-moment 
correlations were worked for all these data. There was very little 
difference in the size of the corrdations, but in some cases the Pear¬ 
son correlations were somewhat lower Only Pearson correlations 
are reported in any of the tables of this study. 

As shown in Table 9, the odd-even correlations were uniformly 
higher for the humans, their lowest one being 826 but witli three of 
the rats’ being insignificant When the human correlations were 
corrected with the Spearman-Brown formula for halving the data, 
all were raised above 90 The effect of including the first two 
trials was clearly seen in the case of the total eriors and the total 
time with the rats, where the r was .227 and .003 respectively, but 
with the first two trials excluded the correlations were raised to .884 
(.94 corrected) and 934 (.97 corrected) respectively. In view of 
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TABLE 8 


Average Errors per Trial on the Eight Most Difficult Alleys 


Trials 

Alley 1 
Humans Rats 

Alley i 
Humans Rats 

Alley 5 
Humans Rats 

Alley 12 
Humans Rats 

1 

157 

555 

578 

185 

763 

666 

526 

.666 

2 

.131 

296 

710 

.407 

.60S 

222 

500 

.259 

3 

000 

222 

631 

185 

.526 

035 

315 

037 

4 

.000 

259 

684 

185 

657 

296 

236 

037 

5 

026 

.259 

500 

185 

.500 

148 

263 

.037 

6 

000 

074 

421 

333 

447 

143 

263 

000 

7 

026 

307 

351 

038 

.378 

115 

.263 

.000 

S 

000 

.346 

394 

346 

324 

,000 

162 

038 

9 

026 

.153 

432 

153 

.270 

076 

.189 

038 

10 

000 

230 

.257 

038 

.400 

.228 

171 

.038 

11 

OOO 

384 

257 

115 

400 

038 

.142 

000 

12 

000 

153 

200 

.000 

285 

000 

057 

.000 

13 

026 

166 

151 

000 

303 

083 

151 

000 

14 

000 

125 

181 

166 

181 

047 

030 

000 

IS 

000 

041 

151 

208 

.121 

000 

090 

000 

16 

000 

385 

161 

071 

129 

071 

065 

000 

17 

026 

214 

129 

071 

096 

.071 

032 

071 

18 

000 

214 

161 

000 

492 

000 

032 

.000 

19 

.000 

181 

,071 

.090 

1+2 

.090 

071 

.000 

20 



071 


142 

090 

000 

,000 

21 



071 


035 


071 

000 

22 



050 


.100 


OSO 

000 

23 



100 


OSO 


050 

.000 

24 



000 


100 


000 

250 

25 



.000 


076 


076 


26 



.153 


.076 


.000 


27 



077 


152 


.076 


28 



100 


000 


100 


29 



100 


400 


000 


30 



.100 


100 


100 


31 



000 


.350 


000 


32 



250 


050 


000 


33 



000 


000 


250 


34 



000 


333 


333 


35 



333 


000 


000 


36 



000 


.333 


,000 


37 



000 


000 


000 


38 



000 


.000 


000 


39 



000 


500 


000 


40 



000 


.000 


SOO 


41 



000 


000 


000 


+2 



500 


SOO 


000 


43 







000 


4+ 







000 


45 







000 


46 







000 


47 







000 


4B 







OOO 


49 







1 000 


50 
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TABLE 8 {conUiiued) 


Trials 

Alley 16 
Hiirnans Rats 

Alley 20 
Humans Rats 

Alley 23 
Humans Rat^ 

Alley 25 
Humans Rats 

1 

605 

333 

.710 

481 

342 

962 

736 

666 

2 

578 

296 

631 

.555 

.236 

481 

.631 

.259 

J 

.500 

074 

578 

222 

.315 

259 

447 

000 

4 

447 

000 

552 

148 

184 

518 

473 

.037 

5 

236 

,000 

500 

037 

157 

296 

342 

.037 

6 

.394 

000 

447 

037 

,131 

Ill 

289 

111 

7 

270 

038 

540 

037 

‘ 081 

162 

216 

.000 

S 

216 


.513 

.000 

081 

148 

216 

.038 

9 

351 


567 

000 

054 

.162 

189 

076 

10 

285 


371 

.000 

057 

.038 

.166 

OOO 

U 

236 


297 

000 

085 

.148 

057 

000 

12 

210 


297 

000 

.114 

074 

166 

000 

13 

,181 


.272 

000 

181 

083 

121 

000 

14 

151 


303 

.041 

060 

.047 

.030 

.041 

15 

212 


151 

OOO 

.090 

083 

,090 


16 

161 


322 

000 

129 

000 

064 


17 

.064 


129 

000 

193 

000 

000 


18 

032 


096 

000 

097 

071 

032 


19 

000 


321 

000 

.178 

000 

142 


20 

071 


071 

.000 

071 

000 

071 


21 

000 


035 

190 

107 

000 

.000 


22 

150 


ISO 


100 


.050 


23 

100 


050 


000 


000 


24 

050 


050 


.000 


050 


25 

153 


.307 


.077 


076 


26 

.076 


230 


.077 


.000 


27 

153 


153 


.077 


.000 


28 

200 


.100 


too 


000 


29 

100 


200 


000 


OOO 


30 

100 


200 


100 


100 


31 

.000 


.250 


000 




32 

000 


000 


250 




33 

000 


000 






34 

333 


333 






35 

333 


.000 






36 

000 


000 






37 

000 


000 






38 

.000 


000 






39 

000 


000 






40 

,000 


500 






41 

500 


500 







4-2 500 

4-3 000 

44 000 

45 1.000 

46 1OOO 

47 OOO 

48 1 000 
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TABLE 9 

Odd-Evbn Correlations 



Humans 

Rats 

1. 

Total errors 

.88 (.90) • 

23 

2 

Eitoi'i, fiist two trials out 

84- 

88 (.H)« 

3. 

Forward errors 

.89 

27 

+ 

Forward errors, first two trials out 

87 

.62 

5 

Forward errors, less duplicates 

.91 

.69 

6 

Forward errors less duplicates, 




Hrst two trials out 

92 

77 

7 

Total time 

89 

— 003 

8 

Time, first two trials out 

89 (.94)* 

.93 ( 97)* 


'^CoelBcienta in parentheses are corrected for halving the data 


the fact that no attempt was made to prevent retracing, these reli¬ 
abilities compare very favorably with those of other investigators. 
The tcst-retest conelations contained in Table 10 were all low, only 


TABLE 10 

Test'Retest Correlations 




Humans 

Rats 

1 

Total errors 

3S 

— 33 

2. 

Average errors per trial 

04 

— 40 

3 

Errors, first two trials out 

.56 

10 

+ 

Forward errors 

45 

— 23 

S. 

Average forward errors 

11 

— 22 

6. 

Forward errors, first two trials out 

52 

.11 

7 

Forward errors less duplicates 

51 

—.13 

8. 

Total time 

28 

— 57 

9. 

Average time per trial 

.70 

— 43 

10 

Time, first two trials out 

23 

—.05 

11. 

Total trials 

.28 

—.17 


8 out of 20 attaining statistical significance Of these, every human 
correlation was positive and every rat correlation was negative. 
Evidently the mechanism accounting for retention in the two species 
is not very similar. Each human subject’s percentile rank on the 
American Council’s Psychological Exammation (range of 9902 to 
.0282) was correlated with each of these criteria, but no significant 
correlations were obtained. With the exception of three correlations 
(total trials against total time for the humans and rats, and total 
time against time with the first two trials out for the rats) all 
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TABLE tl 


Misceixamcous Correlations 




Humana 

Rats 

1 

Total trials with total errors 

75 

47 

2 

Total trials with total time 

27 

20 

3. 

Total time with total errors 

50 

71 

4 

Time, Brst two trials out with errors 
first two trials out 

+3 

91 

5 

Total time with time first two trials out 

,95 

32 

6 

Total errors with forward errors 

.96 

98 

7. 

Total errors with forward errors 
less duplicates 

89 

.81 

8. 

Forward errors with forward errors 
/ess dup/i'cates 

97 

.85 


the others presented iii Table 11 are significant. The higher correla¬ 
tions of total time and total cirors with other measures for the humans 
indicate that they start out on the problem with an initial advantage 
over the rats Why this advantage was not maintained is not known 

Summary 

When 38 human adults and 27 white rats were trained on the 
identical maze under as nearly the same experimental procedures as 
possible, and then retested exactly 30 davs after meeting the original 
criterion of three errorless runs m one day, it was found: 

1 That the rats were supeiior to the humans on all ten of the 
twelve criteria In the original learning where reliable differences were 
obtained 

2. The humans were superior to the rats on all five of the 
criteria on the retest where reliable differences were obtained, 

3. In general, the rats were less variable than the humans. 

4. The total tune and enor curves were very similai in shape, 
with the rat’s curve usually below (supeiior to) that of the humans. 

5. The outer parts of the maze were more difficult for both groups 
than the middle section. 

6 The rats learned the last section ot the maze before they did 
the first. 

7. Learning curves for individual blind alleys and correlations 
between humans and rats show that different types of errors were 
made, confirming Husband’s observation, 

8 Reliabilities computed through errors and time on odd-even 
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trials of the original learning (first two trials omitted) were 91 and 
.94 for the humans and 94 and 97 for the rats 

9. Test-retest reliabilities were low for both groups, but all corre¬ 
lations for humans were positive, and for the rats, negative. This 
seems to indicate a fundamental difference in the mechanism or nature 
of retention. 

10. Husband's data indicating that humans learn in fewer triaU, 
with less errors and in shorter time than rats are contradicted by these 
data which were obtained under more nearly identical conditions for 
both groups of subjects. 


Reference 

1, IIvsnANo, K W A Comparison of Human Adults and White Rats in 
Maze Learning. 3 Comp. Psyeb., 1929, 9, 361.377. 

Ohio Wesleyan University 
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VISUAL DISCRIMINATION IN THE CAT. IV THE 
VISUAL ACUITY OF THE CAT IN RELATION 
TO STIMULUS DISTANCE* ^ 

From ihe Psychological Laboratory of Brovjn Uni'versity 


Karl U Smith 


I Introduction 

An important aspect of the understanding of discrimination in 
animals lies In the consideration of the limitations placed upon re¬ 
sponses by the structure and function of different receptor mechanisms 
in relation to specific kinds of stimulation. A representative mea¬ 
sure of the limits imposed upon responses mediated through the 
eyes is that of visual acuity, defined in terms of the angle, or the 
reciprocal of the angle, subtended by a just discriminable, discrete 
pattern at a given distance from the eye. Although this measure 
represents the capacity of the visual mechanism as a whole for re¬ 
solving diffeiences in detail due to radiant energy in the environ¬ 
ment, it is mainly associated, for obvious reasons, with the degree 
of anatomical differentiation of the letina (Hecht, 8) and the nature 
of the accommodation apparatus. 

Relatively unknown at this time are the restrictions placed upon 
the behavior of sub-pnmatc mammals by the nature of the optical 
system, in so far as such limitations may be icpresented by visual 
acuity measures taken at various stimulus distances from the eyes 
This IS true mainly because of the inadequate techniques which have 
been used in investigating the responses of such animals to special 
forms of stimulation Because these mctliods have usually given rise 
to negative lesults, the view is sometimes held that animals such as 
tlie dog, cat, and racoon possess deficient eyes and make little use 

^Accepted for puijlication bj Leonard CarmichaeJ of tlie Editorial Board 
and received m the Editorial Office, October 22, 1935 

*Presented in part at the «priiifr meetings of the New York Branch of 
the Ameiican Psychological Association, April, 1935, under the title "The 
Visual Acuity of the Cat as a Sanction of Diacnmmatton Distance'* Sub¬ 
mitted in paitial fulfillment of the requirements for the degree of Doctor 
of Philosophy at Brown Unn'ersity as one part of a thesis entitled "The 
Mechanism of Discrimination in the Cat” 
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of vision in their adjustments to their surroundings (Warden, 
Jenkins, and Warner, 30). Conclusions of tins sort seem premature 
at present, especially ■when it is considered that Lashley’s (19) 
results with pigmented and albino rats constitute the only positive 
data on specific visual acuity in mammals below the monkey 

The consideration of the complexity of the visual mechanism of 
the cat, as well as the ability of tile animal in finding its way about, 
emphasizes, as against the conclusions noted above, that this animal 
IS significantly dependent, m its normal responses, upon vision, and 
that further study of its visually determined reactions can profitably 
be made from the standpoints of both psychology and physiology. 
Accordingly, in the present paper a method permitting measure¬ 
ments of threshold capacities for the discrimination of visual detail 
in the cat is described, and data bearing on its visual acuity in re¬ 
lation to stimulus distance are presented. 

II The Cat's Eve 

Although direct relations cannot be indicated, it is of importance 
at this time to consider visual acuity and pattern discrimination in 
the cat with reference to known facts about the anatomical structure 
and reflex function of its eyes According to Krause (18) and to 
Zurn (34) the cat and certain other carnivora are the only domestic 
mammals in possession of a differentiated retinal area which is 
homologous to the fovea of primate mammals In her summary 
of the characteristics of the mammalian eye, Vincent (29) describes 
the cat’s eye as possessing a fovea. It is alleged that there is a focalized 
depression, temporally displaced, which may be said to be an external 
fovea Ganzer (3) and Chevitz (2) hold there is no area of this 
sort, while Slonaker (23), who cites Ganzer and Chevitz favor¬ 
ably, comes to no definite conclusion on this debatable point as a 
result of his own investigations of the mammalian eye 

The eye of the cat possesses a tapetum which is unevenly distributed 
over the retina, but is more clearly defined in the dorsal aspect 
(Hesse, 11). The optic disc is round and varies a great deal in 
color among differential animals (Vincent, 29) The relative den¬ 
sity of the distribution of the rods and cones of the retina of the 
cat’s eye has been counted by Tliiculin (28) As compared to the 
retinal cells of the dog’s eye, those of the cat are said to be more 
fine and compact. In the cat, there appears to be distributed along 
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the level of the equatorial zone of the optic globe about one cone 
for every 25 rods It is also said that, on the level with the area 
centralis, there is a zone which does not contain cones. Measure¬ 
ments of the density of the distribution of the retinal cells within 
the alleged fovea or withm the area centralis are not available to 
the writer. 

Thieulin (28), on the basis of anatomical researches, states that 
the cat’s eye is brachyophthalmic, and Vincent (29) finds that myopia 
and astigmatism may be present in domesticated animals. It is well 
known tlieit refraction rs much better in the cat than in the dog 
(Vincent, 29; Thieulin, 28). Vincent cites the values of 1 33006 
with a variation of 0.00407 as the refractive index of the lens, and 
1.33009 with a variation of 0.00406 for the fluid media. 

The average optical opening of the pupil in the cat reaches sixteen 
millimeters The pupil is round and contiacts to a vertical slit 
as the illumination is increased, permitting a wide range of pupillary 
opening. According to the measurements made by Gundlnch (4), 
the speed of pupillary rc.iction is much faster than that in the human 
eye but slower than in the pigeon In the adjustment to increased 
illumination, the pupillary reaction, as m most mammals, has been 
found to consist of two components, a quick preliminary (startle) 
dilation and recoil constriction followed by a long-latency, active, 
reflex constriction (Byrne, 1) Prchmmaiy pupillaiy dilation in the 
cat, according to the measurements of Byrne, has a latency of ap¬ 
proximately 0 04 to 0.06 sec, whereas the latency of the reflex 
constriction is approximately 0.7 sec. 

In the cat, the maximal, angular value of the anatomical, monocu¬ 
lar, viiual field is approximately 205 degrees, somewhat larger than 
in the dog, this greatei extent of the visual field being associated 
with a higher angular value of the transparent cornea (Thieulin, 
28). As compared to the dog, the optic axes diverge quite a bit less, 
the available measurements placing this divergence between seven 
and nine degrees (Vincent, 29). The locating of the eyes at an 
met eased frontal position m the head reflects itself in a greater 
overlapping of the visual fields, as well as in a greater number of 
non-crossing fibers at the chiasm than is found in the dog (Brouwer, 
1927) It IS held by Vincent (29) that unless specific training has been 
cairled out convergence movements of the two eyes cannot be demon¬ 
strated, but against this the statement has also been made that most 
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beasts of prey, the cat not excluded, possess convergence fixation 
of the two e 3 'es in binocular vision (Bartels, 1). 

III. Prior Experiments of Visual Acuity in Animals 
Methods and Results 

The compaiative study of visual acuity has been successfully 
caiiied out with certain species of insects, amphibia, biids, and some 
mfra-human mammals. The methods employed m these investi¬ 
gations have diffeied widely as legards apparatus, test stimuli, 
stimulus distance, and brightness level In some cases the stimuli 
have been made to move, while in others they have been held 
stationary. Generally, the experimental study of vertebrates has 
involved some foim of selective training technique, but with in¬ 
vertebrates tropistic behavior has been utilized. 

In the experiments of Hecht and Wolf (10) with the honey bee 
a tropistic response to moving stimuli was employed in the investi¬ 
gation of visual acuity in relation to the intensity of illumination. 
The bee was placed upon an inclined, uniform, glass plate, below 
which and parallel to which was nnothei plate, containing alternate 
black and white stripes of equal width The plates were illuminated bv 
diffuse light projected from below. As the animal oriented upward 
upon the unifoim plate the giating was moved sharply tb the right 
or left, which gave rise to a reaction by the bee eithei to the right 
or left, depending upon the direction of the movement of the plate 
Gratings with lines of difterent width were employed and experi¬ 
ments were carried out over a wide range of intensities The maxi¬ 
mum visual acuity of the bee was found to appioximate 62 0 min., a 
value nearly 100 times larger than the visual acuity of the human 
eye under optimal conditions (Hecht, 8), Wolf (33) confirmed 
these results on the bee using a modified method. In similar studies, 
Hecht and Wald (9) secured a maximal value of approximately 
556 0 mm for the visual acuity of the fruit fly. 

The visual acuity of the frog has been investigated by Pasche 
(21) by means of moving stimuli The animals weie required to 
react to a bar rnounted on a moving pendulum, which was hung 
above an aquarium The limen of discieteness was found to be 
29.4 min, undei the conditions m which the experiments were carried 
out In the birds, visual acuity measurements have been made with 
the chick and pigeon Johnson (13, 14) used a modified Yerkes- 
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Watson method with the chick and employed two types of test 
stimuli, one consisting of lines placed in the same diiection and of 
unequal width, the other, lines of different direction and of equal 
width Experiments with the first method were not so successful 
in regard to the time required to tram the aninaals in the initial 
discrimination At a brightness level of 3 85 millilamberts with 
the second method, the visual acuity of the cluck was found to be 
4 07 mm 

Hamilton and Goldstein (6) secured a value of 2 7 min. for the 
visual acuity of the pigeon in modified form of Lashley’s jumping 
apparatus. Cards heailng alternate black and white lines were 
employed as test stimuli, and measurements were made with lines 
of difteicfit width at different stimulus distances The maximum 
visual acuity of the pigeon was found to be at stimulus distances 
above 66 cm Below stimulus distances of 31 cm. the acuity was 
decidedly less (3 8 mm and above) Gundlacli (4) made similar 
experiments with the homing pigeon, employing a discrimination 
apparatus in the form of a Y, m which the animals were required to 
discriminate at a distance of approximately 450 cm. Under an 
illumination of approximately 14.4 footcandles, two pigeons gave a 
hmen of discreteness of approximately 0 38 to 0.5 min. The test 
stimuli weie alternate black and white stripes drawn on cards. 

The comparative visual acuity of the pigmented and albino rat 
has been investigated by Lashley (19) by means of an apparatus 
in winch the animals jumped fioin a small pedestal through apertures 
in an upright panel Cards bearing alternate black and white 
stripes weie employed as test stimuli, and the animals discriminated 
between the lines on the basis of differences in directions of the 
stripes. When making a correct response the rat knocked the card 
bearing the positive stimulus away from the aperture and landed 
on a shelf behind the panel. Under these conditions, the albino rat 
gave a visual acuity of approximately 56 mm, while that of pig¬ 
mented animals was demonstrated to be around 26 min. 

Few experiments on visual acuity have been cairied through to a 
positive conclusion with the higher infra-primate animals Johnson 
(13) used a modified Yerkes-Watson apparatus with the dog but 
was unable to secure differential responses to hoiizontal and vertical 
lines. Williams (32), using similar methods, also failed to obtain 
differential behavior in relation to specific visual patterns. How- 
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ever, Orbelli, as reported by Pavlov (22), has been able to secure 
thresholds for the discrimination of circles and ellipses with the 
conditioned salivary reflex, and Karn and Munn (15) have found 
evidence for the discrimination of an upright and inverted triangle 
by the dog 

The writer (24) has described experiments in which cats were 
required to respond to circles and triangles of equal area as the abso¬ 
lute size of the figures was reduced. In this study, which was carried 
out by means of a method which elicited a response to a lever, it was 
found that the visual capacity of the cat in such discrimination ap¬ 
proximates that of the monkey, as investigated by Neet (20), who 
used an apparatus similar to that employed by Karn and Munn (15) 
with the dog In addition, Kennedy and the writer (25) have been 
able to show that the ability of the cat in discriminating a moving 
from a non-moving cross is fat better that that of the rat in. dif¬ 
ferentiating between moving and non-moving stimuli (Hawley and 
. Munn, 7). 

Johnson (13, 14), Kluver (17) and Spence (27), using different 
types of apparatus and different test stimuli, have studied the 
visual acuity of infra-human primates, Johnson used two procedures 
with the monkey, as with the chick, and found a visual acuity of 
0 95 min. when the discriminative response was based upon differ¬ 
ences of direction of alternate black and white stripes. A brightness 
level of 3,85 millilamberts was employed. Kluver also employed 
two methods in measuring the visual acuity of the monkey A first 
method consisted in requiring the animal to reach through the bars 
of a cage and grasp a thread on the top of an illuminated glass 
plate, the thread being attached to a food box not located on the 
glass By vaiying the size of the thread a liminal line width could 
be determined In the second method the animal pulled in one of 
two boxes containing illuminated glass panels on their front sides, 
on one of which was exhibited a single line in the form of an ink 
drawing or thread. The animal’s performance was better with the 
second method, since under these conditions a visual acuity of 0.38 
min. was secured when the boxes were placed 200 cm. away Spence, 
using a technique in which the subject obtained food in a container 
corresponding to a positive stimulus, made comparative measurements 
of the visual acuity of the chimpanzee, a five-year-old child, and two 
human adults Line gratings were employed as test stimuli, and 
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racasuiements were t5\ken at a number oi different stimulus dis- 
Mnces and brightness levels. At 120 cm stimulus distance and 
under an illumination of 3.98 miUilamberts, the acuity of t)ie three 
different types of subjects were respectively 0 47 min, 0.71 mm., 
and 0 49 min. 


IV. Present Experiments 

I Methods Diagrams 1 and 2 in Figure I represent the 
experimental conditons employed in the present investigation Two 



nt irfasMiOt « ttM «eialV( MM« ttr rltwt ratty aycrioaBti. [ll> illBalai 'bgs*ii 
{Oil raitittlaiDC <tso| iri, gsWanlxsO ir<«i fltwUs, (0), tUs ^UU| 
iria mow lobiti (B| ntonj*. 


stimulus boxes (A and A') are rigidly joined together by a cross 
beam, 5.08 cm by 5 08 cm and placed on runways (R and R'), 5.08 
wide, whicii are separated by a distance of 55 cm. The runways 
extend 215 cm. fiom the end of the table (T), 'which has a top 
surface 76 cm. wide and 182 cm. long. The table and runways 
are 60 cm. high, 

A restraining cage (C), 45,7 cm square, containing a sliding 
door on its front side, is located on one end of the runway table. 
The other end of the table is covered with galvanized iron, flooring 
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wViicli in conjunction -with the coppet wire grills (G and G’), 
constitute the electrodes of the electiical circuit giving the shock. 

The stimulus boxes (A and A*) have been described by the 
writer, m previous papeis (Smith, 24, 25). As arranged for 
the present expenments, they are illuminated by flood lights, con¬ 
sisting of 200-watt bulbs in polished aluminum reflectors, which are 
suspended 90 cm. above the end of the runway table Uniform 
illumination at the front of the boxes is obtained by adjusting the 
position of the reflectors The walls and ceiling of the experimental 
room are painted -white, as is also a large screen separating the ap¬ 
paratus from the observer 

The procedure employed in these experiments is the same as that 
described in previous studies (Smith, 25, 26) After release from 
the restraining cage (C) the animal makes a discriminative response 
at the end of the runway table (T) If the response is correct for 
that trial, it may approach the stimulus box and obtain food by 
depressing the small lever Controls for extraneous sensory in¬ 
fluences are maintained by uniform procedure, and an additional 
check on the results is secured by presenting the visual acuity test 
cards with the lines placed in the same direction The results of 
the experiments are further validated by quantitative deteiininations 
ot threshold values for discriminative response, the results of which 
are presented below 

In the apparatus here employed the discrimination distance is 
controlled by the position of the movable boxes along the elevated 
runways, as measured from the point -where the pathways join the 
table or from a middle point between the two pathways at the end 
of the table The foimer measuie -was used In the piesent experi¬ 
ments, since the subjects generally proceeded to a point in front of 
either of the elevated runways and there made the necessary com¬ 
parison for the discrimination. 

Results Two animals (Laboratory Numbers 5 and 6) with 
extensive tiaining m othei types of disciimination experiments, such 
as foim discrimination, were used in the present study. Subject 5 
possessed an undetermined unilateial lesion of the second external 
convolution of the left hemisphere, made eight months prior to the 
beginning of tlie experiments Of the animals available in the 
laboratory, the two subjects employed were considered to be the 
most reliable for measurements of the present sort 
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Three series of experiments were earned out as follows. (rt) 
training and testing with alternate black and white lines at 50 
cm cUscnmination distance; (A) using single lines^ 0 64 cm. in width, 
determination of the point at which the discrimination ceased as the 
stimulus distance was increased m steps of 10 cm. between 46 and 
106 cm.; {c) tlueshold determination of the discrimination of a 
horizontal and vertical line at distances of 50, 75, 100, and 125 cm 

Using 50 cm. discrimination distance, a stable response was es¬ 
tablished to parallel line drawings, consisting of two cards, 20 32 
cm square, on wldcli were ruled parallel black lines 5 08 cm. in 
width, and separated by an equal distance. A smooth grade of card¬ 
board drawing paper was used and the lines were ruled with India 
ink, One card, with the lines placed in a vertical plane served as a 
positive stimulus, while the other, with the lines placed in a hoiizon- 
tal plane, was negative An electrical shock could be given at the 
beginning of the runway for a response to the horizontal lines. The 
position of the positive and negative stimuli in the two boxes could 
be changed by merely rotating the cards 90 degrees. 

A senes of such grills with line widtlis langing from 0 08 cm. to 
5.08 cm. was drawn. When the primary discrimination was estab¬ 
lished the lines were reduced in width by piesenting the different 
grills in the order of the size of the lines. 

Both animals learned the primary discrimination (90 per cent 
icsponse to the vertical line in 20 trials) within four 20 trial 
periods, and maintained a significant level of response (75 per cent 
response to the vertical line or above in 20 trials) as the lines were 
reduced in width. Reduction of the lines was continued until 0.08 
cm lines were presented Both animals discriminated above a 
significant level of response when these gulls weic presented. Ex¬ 
perimentation with the giills was thereafter discontinued because of 
technical difficulties involved in making alternate black and white 
lines free fiom irregularities. Enlarged architect’s and the writer's 
own drawings weie found to be defective at leductions beyond 
0.08 cm 


“The recent arguments by Hecht (8) and Wilcox and Purdy (31) may 
be snid to have laised the question as to whether or not the type of test 
stimulus used in the present experinients may be considered as valid in 
measuring visual acuity. The use of a single line, or measures of the 
“minimum visible’’, arc here understood to give a bona fide representation 
of visual acuity. 
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The animals were then presented with a single horizontal and a 
single* vertical line placed at a distance of 46 cm from the choice 
' point. No electrical punishment was employed Again the vertical 
i'lne was designated ns positive, and the two subjects transferred 
,- directly from the gulls to the single-line situation. The discrim¬ 
ination distance was then increased in steps of 10 cm., keeping the 
line-width at 0.64 cm. 

Using this method, the responses of both animals were significant¬ 
ly influenced when the stimuli were placed at any distance beyond 
96 cm Stimulus distances less than this value gave rise to discrim¬ 
inative behavior exceeding a criterion of 75 per cent correct choice 
of the vertical line m 20 trials, whereas at any distance beyond 
96 cm. the accuracy of the responses dropped below this criterion. 

A stable response was then established to lines 1.27 cm. in width 
at a dUcrimlnation distance of .SO cm, and the lines thereafter 
reduced in width until the discrimination broke down. A uniform 
senes of lines was made by India ink drawings on smooth white 
cardboard, and varied in width from 0 015 cm. to 2 54 cm. The 
line widths were determined by the aid of a microscope and a fine 
metal ruler. An additional pair of lines was made by stretching 
black human hairs across cards of the same sort as those employed 
in making the drawings The hairs averaged somewhat less than 
0.01 cm. "When the minimal effective line width had been determined 
for the stimulus distance of 50 cm, the same procedure was carried 
out at distances of 75, 100, and 125 cm. respectivoly.® 

Table I summarizes the results with respect to 20-triaI periods, in 
the order in which the experiments were carried out. At 50 cm 
Subject 6 discriminated between the regular series of lines as well 
as those made by the hairs. Subject 5 gave consistent responses (75 
per cent response or above to the vertical line in 20 trials) to lines 
0 25 cm in width. It failed on lines below 0,25 cm. in. width and with 
the hair lines. Similar results were obtained when the boxes were 
placed at 75 cm except that Subject 6 here failed on the 0 01 cm. 
lines, When a discrimination distance of 100 cm. was employed the 

^he brightness values of the test cards at these distances were respect¬ 
ively, 37 8, 39 4-, 39 0 and 35 8 apparent footcandles, as measured by the 
Macbeth illununometer. The relatively constant illumination at the test 
cards was obtained by adjusting the position of the light reflectors. 
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TABLE 1 

Trial Periods and the Pbrcentacb of Correct Responses in the Dis¬ 
crimination OP A Horizontal and Vertical Line at Different 
Discrimination Distances 


Triiil periods 

Line 
Width 
(cm) 

Subject 5 
Visual 
Angle 
(Min ) 

Percent¬ 

age 

correct 

Line 
Width 
(cm ) 

Subject 
Visual 
Angle 
(Min ) 

6 

Percent¬ 

age 

correct 

50-cm discrimina- 







lion (listnnce 







1 

1 27 

88. 

100 

1 27 

88 

100 

2 

.64 

44 

100 

64 

44 

95 

3 

32 

22 

100 

.32 

22 

100 

4 

16 

11 

100 

16 

11 

100 

i 

12 

8.23 

100 

12 

8.23 

lOO 

6 

03 

S5 

100 

08 

55 

too 

7 

06 

413 

100 

.06 

413 

100 

8 

OS 

3 4-5 

90 

05 

3.45 

80 

9 

0+ 

276 

100 

0+ 

2 76 

lOO 

10 

025 

171 

75* 

025 

171 

90 

11 

015 

103 

60 

025 

171 

90 

12 

01 

69 

70 

.015 

1 03 

90 

13 

025 

171 

100« 

015 

103 

80 

14 

015 

103 

65 

01 

69 

85* 

75-cm discrimina- 







tion distance 







U 

2 54 

116. 

100 

2.54 

116 

lOO 

17 

127 

58 22 

100 

1 25 

58 22 

100 

18 

.64 

29.32 

100 

64 

29 32 

lOO 

19 

32 

14.65 

100 

32 

14 65 

100 

20 

16 

7 32 

90 

16 

7 32 

100 

21 

12 

5 5 

too 

12 

55 

100 

22 

.08 

3 69 

100 

.08 

3 69 

90 

23 

06 

2 76 

100 

06 

2,76 

lOO 

24 

.05 

2 32 

90 

.05 

2.32 

95 

25 

0+ 

1.83 

90 

0+ 

183 

90 

26 

025 

1 13 

80* 

.025 

1 13 

80 

27 

025 

1 13 

85* 

015 

.69 

70 

28 

015 

69 

70 

01 

,45 

75* 

29 

.01 

,45 

6S 




100-cm discrimi- 







nation distance 







30 

.64 

22 

100 

32 

11. 

75 

31 

32 

11. 

90 

32 

11 

70 

32 

32 

11 

100 

32 

11 

65 

33 

32 

11. 

70 

64 

22 

50 

34 

32 

11. 

90 

64 

22 

70 

35 

16 

55 

85 

127 

44 

60 

36 

16 

5.5 

90 

1 27 

44 

80 
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TABLE 1 (continued) 



Subject 5 


Subject 6 


Line Visual Percent- 

Line 

Visual Peiccnt- 


Width Angle age 

Width 

Angle age 

Trial periods 

(cm ) (Mm ) correct 

(cm) 

(Min.) correct 


100-cm. discriml- 


nation distance 







37 

12 

4.13 

90 

127 

44 

85 

38 

08 

276 

70 

1 27 

44 

IDO 

39 

.05 

1.71 

60 

.64 

22 

90 

40 

32 

11 

IQO 

32 

11 

70 

41 

16 

5.5 

80 

.32 

11. 

85 

42 

16 

55 

90 

16 

5 5 

100 

43 

12 

413 

85 

12 

4 13 

90 

44 

08 

2 76 

60 

08 

2 76 

60 

4Ji 

12 

413 

85 

12 

4 13 

85 

46 

12 

413 

85 

08 

2 76 

80 

47 

.08 

2,76 

90 

06 

2 07 

75 

48 

06 

207 

90* 

08 

2 76 

70 

49 

05 

171 

70 

06 

2 07 

80 

50 

12 

4.13 

80 

04 

1 38 

65* 

51 

08 

276 

75 

025 

.87 

50 

52 

06 

2.07 

60» 

06 

2 07 

85 

53 

.05 

171 

55 

05 

1 71 

80 

54 




.04 

1 38 

90* 

55 




02S 

87 

65 

56 




.015 

.52 

60 

57 




015 

52 

45 

125'Cyn diacilmi- 







nation distance 







53 

64- 

17 58 

55 

1.27 

34 93 

200 

59 

1.27 

3493 

70 

64 

17.58 

95 

60 

127 

34 93 

85 

32 

8 8 

45 

61 

127 

3493 

90 

.32 

88 

70 

62 

64 

17 58 

100 

32 

88 

85 

63 

,32 

88 

80 

16 

4.42 

90 

6+ 

32 

88 

85 

.12 

3 32 

SO 

65 

.16 

442 

40 

.08 

2.2 

85 

66 

64 

17 58 

70 

06 

1 65 

85 

67 

64 

17.58 

80 

.05 

1 38 

75* 

6S 

64 

17.58 

85 

OS 

1 38 

70* 

69 

.32 

88 

75 

04 

1.1 

60 

70 

16 

442 

80 

025 

68 

65 

71 

.12 

3.32 

85* 

025 

63 

40 

72 

08 

22 

60 

025 

.68 

55 

73 

08 

22 

65 




74 

06 

1,65 

55 





•IndiCates limma! line width dtscrimiDated 
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Sixth subject required retraining with largei lines The fifth animal 
discriminated 0 64 cm lines immediately at this distance. As the 
lines were reduced in width, tlie smallest width discriminated by 
Subject 5 was 0 06 cm, while Subject 6 failed on lines narrower 
than 0 04 cm. At least two trial periods (40 trials) were earned 
out with each pah of lines m the range of the animals’ thresholds. 
Lines no greater than 0 12 and 006 cm were selectively responded 
to by the respective subjects at 125 cm discrimination distance. 

In Tabic 1 astciisks indicate the critical line widths discriminated 
bv the animals (75 pei cent correct response or above to the vertical 
line in a single senes of 20 tiials) This line width is employed in 
calculating the critical visual angle foi discriminative response at 
the different disciimmation distances employed. Table 2 summarizes 


TABLE 2 

Visual Acuity Exprfssep in Term of Visual Anglf (Minutes) 
AT Four DirrcRENT Discrimination Distances 


Discnminntion distance 

Subject S 

Subject 6 

50 era 

17 

,69 

7S cm 

1.1 

45 

100 cm. 

21 

I + 

125 cm 

3 3 

1 4 


the compaiative visual acuity, in terms of the visual angle subtended 
by the critical line widths foi the two animals at the stimulus dis¬ 
tances, 50 cm., 75 cm, 100 cm.j and 125 cm Reference to the 
table will show that marked differences exist between the effective 
visual angle above and below 100 cm. stimulus distance. The point 
at which the visual acuity becomes less precise for the two subjects, 
and particulaily Subject 6, coircsponds to that wlieie both animals 
failed consistently in the discrimination of 0.64 cm. lines as the 
stimulus distance was mcicased m steps of 10 cm. (second series of 
experiments). Observation of the animals’ behavior by means of 
motion pictures failed to show any change in the general mode of 
reaction (head movements and head position) at the different stim¬ 
ulus distances The variation in the brightness of the test stimuli 
IS not sufficient to explain the observed variation in visual acuity It 
is consequently assumed that the differences in visual acuity found 
represent real differences m the effectiveness of the visual mechanism 
of the cat at the various stimulus distances employed. Accordingly 
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the conclusion may be drawn that the range of most effective ac¬ 
commodation in the cat, necessary for the discrimination of fine 
differences in visual detail, probably lies somewhere between 50 
and 100 cm Some evidence has been obtained that at stimulus dis¬ 
tances below 75 cm the visual acuity also becomes less precise (see 
Table 2) The data clearly show, however, that the eye of the cat 
IS better adjusted to visual response at stimulus distances of short 
range, rathei than for long-range vision. 

Differences in technique and experimental conditions do not permit 
accurate compaiison of the present results with those secured in 
prior experiments with other animals Since Kluver (17) used single 
lines for measuring the visual acuity of the monkey, the piocedure 
of his experiments more closely approximates the methods used in 
the present study. If this comparison is made, the visual acuity 
of the cat is found to approximate closely that of the monkey In 
general, it may be said, notwithstanding the difficulties of the com¬ 
parison, that the visual acuity of the cat approximates similar mea¬ 
sures of the eye of the chick, pigeon, monkey, chimpanzee, and man 
more than it does that of insects, frogs, or rats This conclusion may 
also be made even after the fact is taken into account that visual 
acuity as measured by single lines or test stimuli is approximately 
five times more precise than when determined by the separation be¬ 
tween two or more lines or test stimuli, a method typically used in 
prior experiments of visual acuity in infra-human animals 

The present experiments constitute further evidence for the exist¬ 
ence of a highly specialized mechanism for pattern vision in the cat, 
and tend to emphasize the need for more adequate physiological 
analysis of visual function in this animal. The measured visual 
acuity of the cat conesponds more closely to that of animals in 
possession of a clearly differentiated foveal structure than it does to 
that of organisms lacking such a retinal area The results of the 
experiments are validated by the consistencies observed in the be¬ 
havior of each subject in the different experiments carried out. 
Furthermore, check experiments earned out at different times as 
the experiments progressed disclosed the dependence of the responses 
on the spatial direction of the lines. Lines lying within the critical 
widths were not discriminated when placed in the same plane, nor 
were tliere selective responses to white blank cards inserted in the 
doors of the discrimination boxes. 
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V Summary 

1. A controlled method is described which permits the deter¬ 
mination of the visual acuity of the cat as a function, of the distance 
of the test stimuli from the point at which the animal is required to 
discriminate. 

2. Two highly trained animals learned the disciimination of 
horizontal and vertical paiallcl lines within 100 trials at 50 cm 
discrimination distance and thereafter selectively responded to lines 
as small as 0 08 cm m width (visual angle 5 5 min.) Threshold 
limits were not found because of technical difficulties involved in 
securing grills of ti\e sort that would be free from iricgulanties In 
brightness. 

3. When single lines 0.64 cm' m width were employed and the 
discrimination distance progi cssivdy increased in steps of 10 cm 
from 46 to 106 cm., animals consistently failed to respond discnm- 
inatively at stimulus distances beyond 96 cm. (visual angle, 22.9 
min ). 

4. With specific training cairicd out, when necessary, at four 

different stimulus distances (50, 75, 100, and 125 cm ) the critical 
visual angle was found to vary between 11 to 3 3 min. for one 

animal, and 0.45 to 1.4 min for another. In both cases the lowest 

critical angle was found to he at a stimulus distance of 75 cm. How¬ 
ever, at 50 and 75 cm. stimulus distances the acuity of vision v/as 

approximately the same, there being a marked increase at 100 cm 
and above. Since the observed differences cannot be accounted for 
on the basis of observable peculiarities of behavior or in terms of 
intensity variation of the stimulus cards, it is concluded that accom¬ 
modation factors are probably important m giving rise to the 
differences found. Taking this as fact, the efficiency of accommodation 
in the cat’s eye may be said to be at its highest between stimulus 
distances of 50 and 100 cm. 

5. A comparison between these results and those secured by 
Kluver with the monkey, using comparable methods, indicates no 
great differences between the visual capacities of the cat and the 
monkey in the discrimination of single lines. 

6. The visual acuity of the cat, as measured m the present ex¬ 
periments, corresponds to that of animals m possession of clearly 
differentiated fovea rather than to that of animals lacking this 
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Structure This is also true after consideration is given the fact 
that the present experiments -were earned out with single lines, rather 
than with alternate hlack and white lines. 

7, The results found are validated by the consistency of the per¬ 
formance of the single animals in the different test situations, as well 
as by uniform procedure and check experiments made during the 
course of the investigation 
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OBSERVATIONS OF DR. ALICE M LEAHY’S "NATURE- 
NURTURE AND INTELLIGENCE”*! 

From the Department of Anthropology, University of Rlinnejota 


Wilson D "Wallis 


Dr. Leahy’s study of the relation between intelligence and the 
respective factors, nature and nurture, raises more critical issues than 
any comparable study which has come to my attention. 

Her findings are, bnefiy, that when age, nationality, and environ¬ 
mental status are held constant there is a significantly higher coefficient 
of correlation between IQ of children and Otis score and other 
scores of paicnts in control groups than between IQ of adopted 
children and Otis score and other scores of adoptive parents. 
Adoptions were made at or before six months of age (mean, 2-5 
months) 

At this age, it is held, there could be no selection on the basis 
of the intelligence of the child, hence difference in coefficients of 
correlation reflect hereditary influences or at least influences not 
attributable to environment Since, in other studies, so far as the 
present writer can ascertain, no physical trait or combination of 
physical traits has been found significantly correlated with intelli¬ 
gence when other relevant variables are held constant, Dr. Leahy’s 
results are striking, and, if valid, are ceitainly very significant; for 
they suggest that there may be other, as yet unidentified, physical 
factors which are significantly correlated with intelligence when 
relevant variables aic held constant, and possibly these are inherited. 
Dr Leahy has kindly sent me the following distribution of mean 
IQ of children for ranges of Otis score of parents, and I have com¬ 
puted ratio of means, 

Mean IQ of children is higher in adoptive than in controls for 
Otis score 6-55, except for mothers’ score 6-15 (foui and two ob¬ 
servations, respectively), and lower in adoptive than in controls for 
Otis score 56-75. Mean weighted change is less in adopted than 


•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, January 10, 1936 
'Genet, Psychol Monog, 1935, 17, 236-308 
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TABLE 1 


Relation Between Mip-Valob at Intervals or Parents' Ong Score 
AND Mean IQ of Children 
(Pata of Alice M. Leahy) 


Mid- Control Pamiliea Adoptive Families 

parent No. Pa rents’ score MeanLQ No Parents’ scoie Mean IQ 
score children’s score ofdiildren children’s score of children 


6-15 

1 

12 

840 

3 

11 

98 7 

16-25 

5 

22 

92 2 

5 

19 

106 6 

26-35 

13 

31 

99 7 

20 

28 

107 9 

36-« 

35 

39 

104 5 

32 

38 

107 4 

46-SS 

3S 

+8 

1042 

38 

45 

113 3 

56-65 

45 

53 

113 3 

SS 

53 

113 1 

66-75 

34 

56 

124 8 

24 

62 

113,7 

Mean weighted change 

6 13 

6 71 


8 37 

1,63 

Fathers’ 

Otis score 






6-15 

4 

11 

92 5 

4 

9 

113 8 

16-25 

13 

22 

912 

10 

19 

105 2 

26-35 

21 

30 

102 8 

20 

29 

I0S.2 

36-45 

24 

39 

1031 

22 

36 

U2,2 

46-55 

30 

47 

1071 

31 

46 

109 4 

56-65 

35 

S3 

114.S 

53 

54 

Ill 6 

66-75 

47 

60 

118 0 

38 

61 

115 6 

Mean weighted change 

7 5S 

4 67 


8 16 

1 93 

Mothers’ 

Otis 






score 







6-15 

2 

9 

mo 

4- 

11 

99,0 

16-25 

7 

19 

108 9 

10 

19 

110.4 

26-35 

12 

30 

100 0 

24 

29 

103 8 

36-45 

36 

40 

I02.S 

33 

37 

IIO.S 

46-55 

40 

48 

1044 

42 

45 

113 1 

56-65 

46 

53 

113,9 

49 

53 

113.5 

66-75 

46 

57 

122.8 

30 

63 

111 8 

Mean weighted change 

644 

5A1 


8 61 

1.25 


Change at interval is weighted by the formula, 


NiN2 

Ni-hN 


9 


in control condition, the proportion is about 1 4 in each series. Pro¬ 
portion of mean IQ of child to mid-Otis score shows greater weighted 
change in adopted in each series Thus, tlio-ugh mean IQ of child 
rises more for Otis score levels in controls than in adopted, mean 
IQ in proportion of Otis score rises more in adopted than in controls, 
in each series. 
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TABLE 2 

Range in Mean IQ of Cuildrbn for Levels op Otis Score 



Controls 

AdopUve 


For Otis 

For Otia 

For Otis 

For Otis 

Otia Score 

6-75 

16-75 

6-75 

16-75 

Mid-parent 

40 8 

32 6 

15 0 

7.1 

Fathers 

25 5 

26.8 

1 8 

10.4- 

Mothers 

11 8 

13 9 

12.8 

1 4 


Range of means, also, is less in adoptive than in controls. 

In each control group mean IQ of children rises fairly regularly 
with OtiS score of parent, except for motheis* Otis score. In adoptive 
groups this IS true only of mid-parent Otis score The fact that 
mean IQ of adoptive children exceeds that of controls for Otis 
score 6-15, and is lower for 56-75, suggests a diHeiential factor in 
control and adoptive children This factor may be assumed to be 
due to difieiential in inherent ability, or differential in environ¬ 
mental status, or selection If there is difterentiai m iiiJieieat ability, 
this might account for the diffeience m distribution of means, as¬ 
suming no selective factor, by a chance distribution of adopted chil¬ 
dren with regard to Otis score of adoptive parents We woiuld then 
expect a smaller range of mean IQ in adoptive children than m 
controls, higher relative IQ in lower brackets of Otis score, low 
relative IQ at higher levels of Otis score. This is the actual distri¬ 
bution. Again, difterential In mean IQ might result from selection 
by placing agency or adoptive parent, and such selection might give 
the above type of distribution. Assuming that environmental factors 
would act similarly on the two groups of children, adoptive and con¬ 
trols, the difference in distribution of IQ would then be referable, 
in part, to selection It seems to me that a decision of the possibility 
of selecting on the basis of intelligence childien wlio aic less than 
six months of age can be answeicd only empirically, and I do not 
know of any crucial experiments In my ignoiancc it seems to me a 
possibiUtv, because of certam recognisable stigmata of very low 
ability (some types of idiocy) At present, so far as I know, the 
piobability is that selection can be made by way of elimination of 
some low types of IQ, and so influence the value of the mean IQ of 
adopted children, and influence particularly the frequencies of IQ 
at the lower levels This would imply that adoptive parents with 
low scores, as well as adoptive parents with high scores, have selec- 
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tive ability, or that agencies select, but select without much regard 
to IQ of adoptive parent Whatevei is responsible foi the differential, 
there is, as a matter of fact, a predominance of control children in 
the lower ranges of IQ Thus for range 75T05 of IQ the distri¬ 
bution IS lopsided, and likewise for upper range, but the differential 
in frequency is not reversed at upper and lovi'er levels, as one would 
expect it to be. 


TABLE 3 


Frequency Distribution of Children’s IQ at Lower Levels and 
AT Higher Levels 


Range of IQ 

No adopted No, control 

Adopted in percent¬ 
age of controls 

75-79 

1 

Lower levels 

2 


80-84 

0 

7 


85-89 

10 

S 


90-94 

6 

17 


95-99 

21 

24 


100-104 

23 

26 


7S-84 

1 

9 

11 

7S-89 

11 

14 

79 

75-94 

17 

31 

55 

75-99 

38 

55 

69 

75-104 

61 

81 

75 

164-160 

0 

Upper levels 

2 


159-155 

1 

1 


154-150 

0 

0 


149-145 

1 

2 


144-140 

2 

0 


139-135 

1 

6 


134-130 

6 

7 


129-125 

11 

19 


164-155 

1 

3 

33 

164-145 

2 

5 

40 

164-140 

4 

5 

80 

164-135 

5 

11 

45 

164-130 

11 

18 

61 

164-125 

22 

37 

59 


Thus controls have higher fiequencies both at upper levels and 
lower levels of IQ. If there was no selection, it is difficult to account 
for this almost uniformly lower frequency of adopted children at 
both upper and lower levels of IQ, a ratio of about 2 ‘3 for upper 
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levels, 164'125, and about 3*4 for range 75-104, at lower levels. 
It is in the lower-upper and middle ranges of IQ, from 105-124, that 
the frequency of adopted exceeds that of contiols. It is obvious that 
correlation technique will not answer the problem of selection, and 
equally obvious that selection will affect the coefficient of correlation; 
for it will distuib certain correspondences in variabilities which 
would exist it selection w'cre not introduced, or introduce them 
where they did not exist, or both One wonders, too, about the 
possible effect of adoptive parent attitude toward adopted child, 
and of the attitude of the latter toward adoptive parent, and whether 
the influence of attitude, if such exists, would be spread equally 
throughout the range of parents’ Otis score. A statement by Dr, 
Leahy suggests that there is sometimes a special attitude of .adoptive 
parent toward adopted child, and perhaps of adopted child toward 
adoptive parent: “The reasons offered by those parents who refused 
their cooperation weie the following; a fear that the knowledge of 
adoption would reach the child, child sensitive about adoption.” 


TABLE + 

Frequence Distribution of Environmental Status Score of Adoptive 
Homes And Control Hoi^iEs 


Environmental 
status score 

Adopted 


Controis 

Adopted in percent¬ 
age of controls 



Upper 

levels 


239-225 

8 


0 


224-210 

18 


8 


209-195 

15 


13 


194-180 

Id 


21 


239-210 

16 


S 

200 

239-195 

31 


21 

148 

239-180 

47 


44 

112 



Lower 

levels 


0-14 

0 


d 


15-29 

1 


8 


30-44 

2 


11 


45-59 

7 


11 


<0-74 

22 


20 


75-89 

12 


U 


0-29 

1 


14 

7 

0-44 

3 


25 

12 

0-59 

10 


3d 

23 

0-74 

32 


56 

57 

0-89 

44 


72 

61 




320 


JOURNAL OF GENETIC PSYCHOLOGY 


Let US note, now, the distribution of environmental status scoie 
of homes of adopted and of controls 

In frequency distribution of envnonmental status of homes of 
adopted and controls a differential appeals in both lower and upper 
levels. In upper levels families of adopted have predominance (112 
per cent for range 239-180), while in the lower levels environmental 
status of adopted is less frequent than that of controls (61 per cent 
for range 0-89). Only in the middle range, 60-209, is equality ap¬ 
proximated. Not only is mean environmental status of adopted 
significantly higher than that of contiols (137 9, adopted, 118 7, 
controls) but the distribution of relative status is significantly differ¬ 
ent in the two groups, as shown, for example, in the difference in 
standard deviation (543 for adoptive, 59 6 for control) Since we 
do not have the same kind of distribution of environmental status 
in the two groups, it follows that the correlations in the two cases 
are not strictly comparable by product moment coiielation (Cor¬ 
rection for differences in standard deviation assumes compaiable 
distiibution of frequencies, with different^ in range) When fre¬ 
quency distribution of environmental status is examined, one finds 
that for adoptive homes the mean is 137 9, the arithmetic mode is 
60-74, geometiic mode is about 120. For controls the mean is 118,7, 
arithmetic mode 180-194, geometiic mode about 140 Standard 
deviation of frequency distribution is 14 3 for adoptive, and 13 7 for 
controls. The significant fact, of course, is the diffeiential distri¬ 
bution of frequencies m adoptive and control families. It follows, 
then, that if IQ had identical correlations with environmental status 
in adoptive and control children when the frequency distribution of 
environmental status was the same in the two groups, there would 
be a difference in coefficient of correlation when these distributions 
were changed. As we pointed out, the distributions are significantly 
different at both upper and lower levels Inasmuch as the other 
variables correlated with IQ are themselves (presumably) positively 
coirelated with environmental status (fathers’ Otis score, mothers’ 
Otis score, mid-parent Otis score, etc ) we may suppose that some 
degree of the difference in coefficient of correlation of environmental 
factors with children’s IQ, of adopted and controls, is the result of 
diffeience m frequency distribution of the respective variables with 
which children’s IQ is correlated 

The higher environmental status of adoptive children than that 
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of controls appears also when occupational status of adoptive and 
control fathers is held constant. 

TABLE S 

Environmental Status or Children, by Occupation of Control 
AND Adoptive Father 

Control AdopUve Adoptive-control 


Occupation 

of father 

No 

IQ 

Envir 

status 

Na 

IQ 

Envir 

status 

IQ 

Envir, 

siatvs 

Professional 

40 

118.6 

1S0 4- 

43 

1126 

194 6 

—6 0 

14 2 

Business manager 42 

117 6 

160.7 

38 

111 6 

171 3 


10 6 

Skilled trades 

43 

106 9 

106 3 

44 

110.6 

133 2 

3 7 

26 7 

Semi-skillcd 

46 

101 1 

77 6 

45 

109 4 

94 0 

8 3 

164 

Unskilled 

23 

103 1 

401 

2+ 

107 8 

74.7 

5 7 

316 


Thus environmental status is not held constant when cliild’s IQ 
is correlated with parent's Otis scote and with other variables. 

Partial correlations show that correlation of adoptive child's IQ 
with each of the five variables refeiring to adoptive home is decreased 
when true mother’s occupation or true mother’s education is held 
constant, and decreased in two instances and raised in two instances 
when true father’s occupation is held constant Inasmuch as Otis 
score of parent is (presumably) positively correlated with occupation 
and education, this suggests that Otis score of true mother influences 
correlation coefficient positively in two instances and negatively in 
two instances Since, however, there is not much efiect upon zero 
order of correlation, the probability is that there would be a low 
coefficient of correlation between IQ of adopted child and Otis score 
of adoptive parent if other variables were held constant Presumably 
the same would apply to control cliildren. As will be seen from 
Table 1, above, although proportion of mean of childien’s IQ to 
parent Otis score, by intervals, differs in adopted and controls, in 
each gioup there is a high coirclation with parent Otis scoie (mid¬ 
value of interval) In fact, in each senes these correlations approach 
unity (values weighted by frequencies). The coiiclation coefficients 
are given in Table 6 

In the absence of individual values, the above coirclations sug¬ 
gest that when child's IQ is expressed as ratio of parent's Otis score 
there is not much difterence between adopted and contiols in corre¬ 
lation coefficient Indeed, the coefficients arc slightly higher in 
^adopted than in controls This, of comse, raises the problem of 
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TABLE 6 


Correlations or Scor e—^ Intcrvals of Parents’ 

Mean IQ of Chiidren 

Otis Score, with Mid-Vamjb of iNTtRVM. of Parents' Otis Score 


Variable correlated with 
(Respective) Parents' Otis score, mid-value 



Mean of IQ of children 

Adoptive 

Controla 

Mid-parent Otis score 

998 

977 

Mothers' Otis score 

999 

.974 

Fathers’ Otis score 

998 

997 


whether correspondence in variability should be expressed m terms 
of absolute variability or in terms of lelative variability, particularly 
when there is differential in mean of compared variables or in their 
respective frequency distribution. 

In order to compare correlations in terms of lelative variability 


we converted the r xy into rx —, for those correlations for which 

X 

Dr. Leahy’s paper provides data for this computation (mean and 


standard deviation) Correlations of x with index —, or i, were com- 

A' 

puted by the formula 

y _ * vy— (Fv/Vy) _ 

0-f^^yH[irxy)^irx/ry)Y 

We computed relative change in x and y variables by the formula 
r.vy (Fx/Vy) and rxy (Vy/Fx), which gives percentage change 
of one variable for 1 per cent change in the other The results are 
presented in Table 7 

IQ shows more lag on other variables in each instance in adopted 
than in controls. The differential is both absolutely and relatively 
least in the case of environmental status. 

Only in controls is there acceleration of other variables upon TQ 
of children. Range of both orders of relative regression coefficients 
is much greater in controls than in adopted. 

In all correlations of IQ with index, except in the case of environ¬ 
mental status score, which shows the gieatest differential, the coeffi¬ 
cients (disregarding signs) are higher m adopted than in controls 
When, however, environmental status is expressed as proportion of 
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TABLE 7 

Relative Regressions, I'x/Vy, and Vy/Vx, in Adopted and Control 

y 

CiniDREN, and Correlations of Children’s IQ (a) with — (i), 


For adopted, in each instance, parent refers to adoptive parent 


y van'nbles cor¬ 
related with A 

rxy 

r XI 

Adopted 

I’x/Vy 

Vy/Vx 

rAy 

Controls 

rxt V\/Vy Vy/Vx 

Education of father 

.16 

— 14 

.05 

53 

.48 

.0? 

19 

120 

Education of mother 

.21 

— IS 

.08 

.54 

SO 

—.00' 

i 25 

1 OO 

Mid-parent Otis score 
Mid-parent vocabulary 

18 

—.24 

08 

43 

60 

06 

.33 

1 08 

score 

Enviionmentnl status 

34 

— 37 

.15 

38 

56 

—.20 

41 

.77 

score 

.19 

— 10 

06 

6S 

53 

38 

.15 

1 89 


IQ of child, the co-cfficient is lovver m adopted Vaiiation m relative 
cnvironniental status, therefore^ is accompanied by less change in 
child’s lelativc IQ in adopted than m controls. This lower coeffi¬ 
cient in adoptive suggests that the difference in correlation of IQ 
with environmental status (rxy) is partly the result of the differ¬ 
ence in frequency distribution in environmental status score of 
adoptive and contiols, and of difference in mean values of similar 
variables in the gjoups compared, Foi levels of occupation, correla¬ 
tion of mean IQ of adopted children with mean environmental 
status score of adoptive fathei is .983, coi relation of mean IQ of 
adopted cliildren with environmental status score of real father is 
.961. (The two groups of children, however, are not Identical). It 
would be interesting to see correlations of IQ of adopted child with 
Otis scene of leal parent, and, for the same children, with Otis 
score of adoptive paient, and to know how correlations in control 
groups are affected by holding relevant variables constant, or at 
least some of them 

In conclusion: The two groups of control and adoptive children 
studied by Dr Leahy are, it appears, not properly comparable by 
linear conelation Theie arc diffcient frequency distributions of IQ 
of children in the two senes, and there are different fiequcncy distri¬ 
butions of environmental status scores Environmental status, there¬ 
fore, IS not held constant. At present it appears not to be known 
whether selection of children under six months of age might influence 
IQ of the selected group. The possible effect of the psychological 
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iacto:, conswsntss oi adcption, lias not ken assessed More wildly 
comparable results could be achieved by bolding enviromnental 
status constant) and by pairing children ol the same IQ, 
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A COMPARATIVE STUDY OF THE INFLUENCE OF 
RACE AND LOCALE UPON EMOTIONAL 
STABILITY OF CHILDREN*^ 

From The Alfred IVillsoit Chtldreids Center, Cohimhus, Ohio 


Fred Brown 


Historical Introduction 

A compreliensive survey of the literatuie on racial diffeienccs 
reveals a surprising paucity of studies which deal with the com¬ 
parative emotional stability of lacial groups. Most of the work 
in this field has consisted chiefly of attempts to establisii the existence 
of lacial intellectual differences by the administration of mental 
tests. The majority of sudi studies have dealt with negro-white 
compaiisons. Some pcisonality studies of Ameiican versus Negro 
(13) and Indian children (9) have utilized the Downey Will- 
Temperament test. The validity of results so obtained might 
seriously be questioned m view of serious criticisms leveled against 
the instrument by Symonds (19) and others Sunne (17) found 
no personality differences between whites and negroes by means 
of the Will-Temperament and Pressy X-O tests. Rating methods 
aie questionable and present difficulties which interfere with the 
accumulation of reliable results (7). Garth (7) favors the ques¬ 
tionnaire method and points out that it has been used hardly at 
all in racial psychology Darsle (6) tried this approach with Japa¬ 
nese childien. 

Several recent studies of racial emotionality and personality inte¬ 
gration have been based upon analyses of first admissions to State 
Hospitals for the insane Brill and Karpas (2) conclude that Jews 

^Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, January 10, 1934 

*I take this opportunity to thank Miss Florence Goldman, social worker 
at the Welfare Association for Jewish Children of Cleveland, Ohio, Mr 
Lower Kellogg and Mr John Fatcben, graduate students in the department 
of psychology, Ohio State University, for administering the Inventory in 
the various schools I also wish to express my appreciation to the prin¬ 
cipals and teachers who facilitated adminiatration of the Inventories by 
their wholehearted cooperation 
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contribute a high percentage of so-called functional forms of insanity 
to state hospital populations with manic-depressive insanity highest 
and undifferentiated depression neuroses second. Malzberg (12) 
found that admissions to the New York Civil State Hospital for 
1919-1921 gave a mental disease rate of 44 7 for Jews and 69 2 
for non-Jews. A continuation of thisi study in 1927 revealed rates of 
42.3 and 75.5 respectively foi these two gioups Malzbeig attaches 
little statistical significance to these differences Rosenthal (14) 
states that many factors must be considered in an evaluation of fiist 
admissions and concludes that veiy little of the woik so fai would 
stand rigid statistical analysis 

The questionnaiie method has been used too infiequently to 
offer data eitlici for oi against the thesis of lace diffeiences. Sward 
and Fiiedman (18) studied 625 adult Jews (high scliool and college 
students and parents) with an equal number of non-Jews on the 
Bernreuter personal inventoiy and the Heidbreder introversion- 
inferioiity questionnaire Neuiosis and infeiiority scoies of the 
Jewish group exceeded the mean of the non-Jewish gioup about 60 
per cent toward the unfavorable direction. Leydesdorff (11) ad¬ 
ministered a questionnaiie to Jews and non-Jews in Holland and 


piesents the following figures 

Percentage Percentage 

Jews non-Jew9 

Emotionally inclined 63 S 52,6 

Quickly offended 52 9 +3.5 

Good natured 38 6 52 6 

Critical temperament 53.4 38 + 

Anxious and suspicious +1 0 30 9 


The conclusion is reached that Jews are more nervous, sentimental, 
and passionate than non-Jews. Studies emanating from Germany 
aie obviously unreliable under the present regime. 

While some attempts have been made to deteimine whether dif¬ 
ferences in emotional stability exist among adults there have been 
virtually no such studies on children The value of adult studies 
is dubious, especially when compaiisons are made between a habitat- 
dominating and a subordinate gioup. In such cases differences in 
favor of the former group might be anticipated in view of the 
greater degree of social and economic secuiity enjoyed by membeis 
of a dominant group. Race prejudice and discriminatory attitudes 
are not so obvious to the child of a minority gioup parent, hence 
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racial differences, If they exist, should more properly be sought 
among children. 

The reason for this seeming neglect of such an important phase 
of lacc psychology appears to have been due to a lack of reliable 
personality invcntoiies, The pessimistic outlook wilh regard to 
inventories for childien below the high-school level is clearly cxpiessed 
by Symonds (19) Tliose already in existence -were not sufficiently 
valid or reliable for icsearch puiposes (3). Finally, the rapid de¬ 
velopment of intelligence tests nnd the emphasis placed upon the re¬ 
lationship between intelligence and adjustment seemed to promise 
more fiuitfiil lesults than seemed possible by means of a questionnaire. 
The statistical leliability of the data so secured appealed to offer 
a greater assurance of meaning and truth-value The significant 
factor of adjustment and emotional stability witli regaid to social 
usefulness is becoming more apparent, so that a decrease in studies 
of intellectual and an increase in those dealing with personality 
differences might be anticipated. The present study is an attempt to 
study the problem of racial emotional differences of children by 
means of a personality inventory. 

The Personality Inventory 

The BrovVn Personality Inventory has been fully discussed in a 
previous publication (3) Its use in the present study deviated in no 
way from the technique previously outlined The data, however, 
were treated differently. Instead of utiliamg gross scores the in¬ 
ventory was divided into five separate categories representing the 
following divisions. 


Physical symptoms 27 items 

Anxiety or insecurity 19 items 

Home adjustment 13 items 

School adjustment 5 items 

Irritability or sensitiveness 8 items 


Eight miscellaneous items were not included in this classification. 

The Group 

The inventory was ndministcied to 1647 childen between the 
ages of nine and 15 years This group was not the same as that 
which was used for the standardization of the inventory (19), al¬ 
though reliabilities calculated for two separate groups by means of 
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(middle) 

Totals 
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the “split-half” method yielded coefficients of 4" 893 and -1-.920 
The coefficient of reliability for the original experimental gioup 
was -|-.896. Table 1 shows the age, grade, and sex distribution of 
the groups studied. Groups 1, 2, 5, 6, and 7 were reduced to 100 
cases each by taking alternate test blanks from each group until that 
numbei was reached Groups 3, 4, and 8 included no more than 
the sum indicated Items in parentheses refer to socio-economic 
status. 

In order to understand fully tlie significance of our data it will 
be necessary to piovide a brief description of the composition of 
each group. 

Cleveland Gentile: Urban childien of high socio-economic status 
lesiding m the Cleveland Heights section of Cleveland, Ohio The 
parents of these childien constitute the piofessional, semi-professional, 
merchant, and clerical classes The health program of the Cleveland 
schools IS far superior to that of any othci section Included in this 
study 

Cleveland Jeunsli: Urban children attending the same school 
as the above gioup and similar in composition 
Foreign Rural (low)', Slovak childien of very low socio-economic 
status residing in the villages and outlying sections of Kipling, Lore 
City, and Buffalo, Ohio The parents of these childien are foreign- 
born The fathers are employed as coal miners 
Arneucan Rural (low)' Native American (Scotch-Irish descent) 
lural children of very low socio-economic status attending the same 
scliools as tile previous group. Racial origin constitutes the only 
difference between these two groups 

Columbus (low). Urban American children of low socio-eco¬ 
nomic status living in the business and industrial sections of Colum¬ 
bus, Ohio The parents arc chiefly relief clients who normally be¬ 
long to the unskilled labor class Most of the delinquency cases 
brought before the court originate from this group 

Columbus (inuldU), Urban American children of average socio¬ 
economic status living in the lesidential section of Columbus, Ohio 
This section of the city includes scveial business areas attending 
to the needs of the university population but has no industrial sec¬ 
tion The parents belong in the skilled, semi-skilled, and clerical 
classes 

Columbus (high)' Urban Ameiican children of high socio-eco- 
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nomic status residing in a suburban section of Columbus, Ohio 
The parents compare favorably with those of the two Cleveland 
groups. 

Rural American (middle). Rural children of high-average socio¬ 
economic level The parents of these children are engaged m agri¬ 
cultural activities. The group was examined in the centralized 
school at Galloway, Ohio. 

Results 

Table 2 is arranged according to socio-economic level and gives 
the aveiage scoies and standard deviations for each/section of the 

TABLE 2 


Mean Scores on 

Pbrsonalitt Inventory Arranged 
Economic Status 

According 

TO Socio- 

Group 

Physical 

Insecurity 

School 

Home 

Irritability 

Cleveland 

2 87 

3 33 

1 14 

1 84 

2 35 

non-Je-wish 

cr3 34 

«r2 72 

cl 12 

c2 14 

cl 71 

Cleveland 

3.69 

3 47 

1 13 

2 26 

2 69 

Jewish 

aS 36 

0-2 94 

c 98 

c2S9 

cl 71 

Columbiia 

3 8S 

3 88 

88 

2 23 

2.65 

(high) 

ffS SI 

ff2 99 

cl.<12 

c2,25 

01.85 

Columbus 

4t3 

3 93 

1 16 

177 

2 62 

(middle) 

ff3,98 

ff3 00 

cl 21 

cl 67 

cl 83 

Rural American 

416 

3.3S 

1 60 

2 14 

2.81 

(middle) 

ff2 69 

cr2.83 

cl.09 

cl 73 

cl 84 

Columbus 

6.08 

5 17 

1 86 

2 81 

3.29 

(low) 

cr473 

ff3.18 

cl 29 

ff2 37 

cl 86 

American rural 

7 60 

7 06 

2 17 

3.81 

4 30 

(low) 

<r5 37 

o 3 88 

ffl.60 

c2 62 

cl.82 

Foreign rural 

8 91 

7.80 

179 

3 65 

4 23 

(low) 

(r5 77 

a415 

cl 41 

c2 55 

cl.97 


inventory According to the data the Jewish and non-Jewish Cleve¬ 
land groups mark the smallest number of significant items, indicat¬ 
ing superior adjustment. The Columbus high group compares 
lavorably with the Cleveland groups. The Rural American of 
high-average socio-economic level appears to be similar to the 
Columbus high-average group despite the fact that the former 
IS a rural and the latter an urban group The American and foreign 
rural groups make the poorest scores. 
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It IS interesting to observe that the scores in general appear to bear 
a close relationship to the socio-economic status of the gioups As 
adjustment score descends, socio-economic level incicases Tlie 
table also indicates tliat school and home items aie not as important 
statistically as are those items which belong more properly to the 
psychoneurotic syndrome The influence of social and economic 
diffeiences, hmvevci, aie nevertheless evident iii these categories The 
tables which follow .show the D/o-^i// between the various groups 
for each part of the inventory. 

In Table 3 we obseive no significant difteiences between the 
Cleveland Jewish and non-Jewish gioups (96 chances m 100 of the 
differences being gieater than zeio ) Since it is customary to re¬ 
gard a ciitical ratio of less than 3.00 as statistically insignificant, 
we attach no impoitance to a below tins figure Theie is no 

difference between the Columbus high and the Jewish, Cleveland 
Gentile, Columbus middle, and rural middle groups, even though a 
rural group is compared with an urban. The Columbus low group 
IS superior to the foreign rural, but the difference between the 
Columbus native low group and the native rural low gioup is not as 
significant as that which marks a comparison between the native 
and foreign groups on the same level This might indicate a slightly 
greater degree of homogeneity between the two native gioups We 
find the same to be true of the Cleveland Jewish as compaicd with 
the Cleveland and Columbus high non-Jewish The differences arc 
insignificant, however Ciitical latios betiveen the low rural groups 
and the remainder of the groups aie all statistically significant. It 
should be remaiked that the lack of statistical significance between the 
American low lural and the Slovak low ruial is as marked as is 
true when we compaie the Cleveland Jewish and non-Jewish groups. 
This is important when wc realize that two different racial or nacio- 
racial groups are under consideration. 

In Table 4 we find that a sense of security, which probably is 
basic to social adjustment and freedom from neurotic symptoms, 
corresponds closely to social status. Here, too, we note that the 
critical ratios aie smaller between the two Cleveland groups as well 
as between those groups which exist on a similar social plane. Both 
the Jewish and non-Jewish Cleveland groups exhibit slightly larger 
differences when compaied with the foreign rural than with the 
American rural low group This would indicate a greater similarity 
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between the two Cleveland groups in spite of a comparison between 
two foreign groups (Jewish and Slovak.) 

The rural agricultural group is moie akin to the two Cleveland and 
the Columbus middle and high groups than to any other. This 
would lead us to believe that a sense of insecurity is independent 
of locale, although we must bear in mind the small number of cases 
whicJi dll'? group comprises. 

Table 5 deals with those responses which may be classed as 
irritable in natuie. By this is meant the ready expenditure of emo¬ 
tional energy in the piesence of a relatively normal stimulus pattern 
The neuiotic child is apparently unable to react according to the 
principle of minimal action (4) and makes “persistent, affective, 
non-adjustive leactions to a baffling situation” (Hamilton) until 
such surcharged lesponses become habitual 

The same trends observed in the other categories are also obvious 
here 

Table 6 points to a certain degree of similarity between the two 
low lural groups and the low urban group The relatively low C.R’s 
between the middle i ural and the two low rural groups, especially 
the foreign rural group, might indicate a likeness between rural 
school environments This is the only instance where these groups 
are comparable. 

Diffciences in home adjustment are not so greatly in favor of 
the Jewish group as might have been supposed from the assumed 
cultural integration of the Jewish home In view of the critical 
ratios in Table 7 between the Cleveland Jewish and non-Jevvish 
children (approximately 88 chances in 100 of a true difference) we 
may conclude that the home conditions of socially superior homes 
are conducive to emotional stability in children It is surprising to 
find that the ciitical ratio between the Jewish and Columbus low 
groups is only 1 57 or 94 chances in 100 whereas that between the 
Cleveland non-Jewish and the Columbus low group is 3 04 or 
practical certainty 

A study of separate items should reveal the reason for this similar- 
itv between the Jewish group, superior in every other respect, and the 
Columbus low group. The differences between the two low rural 
gioiips and the higher groups are all definite. That between the 
American and foreign low rural groups is practically zero. 

An analysis of separate item percentages reveals certain inter- 
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estmg differences between the groups. These differences do not ap¬ 
pear to be correlated with race or locale but follow social statusv 
The letter headings follow the same order as that which heads 
Tables 3 to 7. “H” refers to the rural middle group. 



dsYelsnd CleYdand Cdufitbus (bkimbus Amenom Cblumbus Amencan Slovtik 

lionJewish Jewish {h| 3 h) imiddre) IM ilowi M Rural 

ihi^h) {\\ip umddle) tlowi (low) 


TABLE 8 

Percentage of Atypical Besponses to Each Item dy all, Groups 


Item 

A 

B 

C 

Groups 

D E 

F 

G 

H 

Rationalizing failure 

24 7% 

29 3% 

12% 

10% 

23% 

12% 

6% 

23% 

Being misunderstood 

27.3 

50 6 

23 

22 

28 

24 

20 

13 

Awareness of conflict 

53 3 

45,0 

32 

18 

39 

26 

31 

32 

Negativism 

2+7 

39 4 

14 

13 

20 

9 

6 

19 

Faulty memory 

Too many demands 

32 5 

371 

11 

15 

30 

25 

20 

26 

by others 

21 3 

29.3 

15 

18 

18 

10 

12 

2 

Stutteiing 

Avoidance of com- 

79 

18.0 

6 

2 

5 

3 

9 

9 

petition 

16 9 

281 

8 

9 

24 

26 

12 

5 

Compulsion to steal 

IS 6 

20 3 

9 

10 

11 

18 

11 

13 

Indecision 

7S0 

764 

SI 

51 

73 

65 

49 

62 

Anxiety state 

Fear of imminent 

67 0 

53 9 

24 

18 

50 

29 

30 

3+ 

disaster 

+2 9 

617 

6 

8 

32 

IS 

18 

32 
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TABLE S (continued) 


Item 

A 

B 

C 

Groups 

D E 

F 

G 

H 

Wish to be different 

+2 9 

+3 9 

44 

+4 

+0 

40 

39 

21 

Sensitivity to scolding 

S6 S 

7+1 

70 

68 

75 

70 

62 

72 

Bad temper 

39,0 

281 

23 

29 

32 

18 

2+ 

23 

General irritability 

55 9 

+2 7 

33 

36 

35 

36 

32 

30 

Feelings easily hurt 

57 2 

+7 2 

38 

35 

52 

32 

29 

28 

Reaction to teasing 

510 

52.8 

36 

31 

37 

38 

43 

32 

Nervousness 

29.9 

22 5 

7 

6 

20 

6 

2 

11 

Frequent headaches 

35 1 

371 

9 

+ 

25 

12 

10 

19 

Sluggish circulation 

37 7 

528 

13 

s 

19 

3 

8 

21 

Anaesthesias 

44 2 

450 

16 

10 

33 

31 

39 

23 

Vertigo 

33 S 

33 8 

11 

13 

20 

9 

11 

13 

Escape mechanism 

Z6 0 

32 6 

4 

2 

8 

7 

3 

6 

Sudden head pnins 

61 S 

+05 

24 

18 

+8 

29 

27 

28 

Enuresis 

9.1 

+.5 

0 

3 

3 

6 

4 

O' 

Breathing difficulty 

53 3 

+0 5 

18 

IS 

26 

25 

26 

32 

Easily angered 

33 8 

+5.0 

26 

34 

3+ 

23 

32 

23 

Fatigue upon arising 
Anaesthesia of extrem- 

36 + 

383 

13 

11 

29 

12 

12 

IS 

ities 

31 2 

+0 5 

13 

6 

17 

12 

3 

15 

Vomiting after meals 

351 

20 3 

S 

5 

IS 

21 

11 

0 

Depressive feelings 

33 8 

52 8 

6 

7 

19 

11 

5 

17 

Easily fatigued 

Nausea at sight of 

36 + 

39 4 

23 

8 

32 

19 

16 

23 

food 

Paroxysms of cough- 

32 5 

+0 5 

22 

19 

18 

7 

14 

13 

ing or sneezing 

31 2 

29 3 

17 

10 

15 

15 

11 

15 

Motor disturbances 

312 

28 1 

11 

5 

13 

20 

10 

11 

Transitory pains 

49A 

47 2 

25 

14 

45 

26 

20 

26 

Frequent mictii ration 
Reaction to bright 

21 3 

29 3 

4 

6 

13 

8 

12 

13 

lights 

+6 8 

55 0 

2+ 

26 

33 

25 

34 

3+ 

Quickly out of breath 
Reaction to loud 

46 8 

34 9 

32 

2+ 

40 

36 

32 

34 

sounds 

+3 1 

584 

23 

26 

28 

26 

18 

30 

Frequent toothaches 

312 

38 3 

3 

2 

9 

13 

6 

13 

Chronic fatigue 

105 

192 

2 

2 

6 

6 

5 

0 

Motor disturbances 
Frequent stomach 

351 

394 

15 

6 

32 

16 

14 

11 

pains 

Disturbances of sight 

27 3 

29 3 

14 

3 

27 

11 

9 

9 

or hearing 

Wish to run away 

35.1 

23 6 

5 

11 

20 

16 

16 

13 

from home 

Frequent parental 

19 5 

16 9 

19 

19 

25 

11 

17 

11 

anger 

Sib preferred by 

28 6 

34 9 

IS 

10 

21 

13 

12 

13 

parents 

Inabilitv to get along 

214 

315 

12 

12 

20 

10 

12 

1 

with friends 

156 

15 S 

2 

2 

10 

15 

10 

9 
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TABLE 8 (continued) 


Item 

A 

B 

C 

Groups 

D E 

F 

G 

H 

Maternal strictness 

9 1 

12.4 

7 

2 

14 

5 

5 

2 

Father easily angered 

32 5 

16.9 

18 

12 

21 

11 

14 

11 

Verbal home discipline 

5A4 

50 6 

46 

37 

54 

41 

46 

57 

Parents too strict 

Death dream of 

IS6 

15.8 

8 

3 

16 

2 

4 

2 

father 

Death dream of 

33.8 

29 3 

12 

17 

IS 

20 

35 

23 

mother 

29.9 

38 3 

16 

22 

17 

15 

19 

17 

Fmaneifll worries 

61 Z 

53 9 

38 

33 

43 

27 

35 

21 

Parental domination 
Running away from 

37 7 

57 3 

23 

12 

21 

18 

18 

30 

home 

9.1 

68 

1 

4 

8 

1 

3 

6 

Foster-child phantasy 
Reaction to low 

11.7 

3.4 

7 

2 

8 

1 

4 

2 

grades 

42.9 

42 7 

50 

50 

59 

35 

25 

26 

Recitation difRculty 

46 8 

31 5 

24 

32 

36 

21 

15 

21 

Actentional difficulty 
Mistakes in school 

27 3 

21.4 

12 

26 

26 

17 

14 

13 

work 

75 0 

67.4 

26 

39 

54 

37 

26 

51 

School too hard 

23 4 

214 

1 

4 

10 

5 

2 

6 

Motor disturbance 

45 5 

49 5 

12 

8 

33 

20 

14 

32 

Insomnia 

21.3 

24 8 

5 

3 

10 

6 

5 

6 

Pood idlosyncracy 

Bad dreams and 

52 0 

41.6 

41 

36 

52 

37 

44 

32 

nightmares 

481 

55 0 

3 

3 

27 

11 

10 

15 

Peelings of excitement 

39 0 

61.7 

20 

9 

36 

16 

23 

28 

Ashamed of dreams 
Difficulty falling 

39.0 

32 6 

20 

11 

18 

27 

20 

23 

asleep 

53.3 

57 3 

48 

36 

36 

37 

35 

21 

Waking up at night 

45.5 

48 4 

16 

11 

36 

30 

26 

25 

Anxiety dream 

26 0 

24 8 

9 

to 

10 

15 

10 

9 

Concern with self 
Emotional persevere- 

40 2 

48.4 

25 

n 

21 

20 

26 

28 

tion 

Lack of self-confid- 

364 

33 8 

1$ 

19 

34 

15 

32 

19 

ence 

585 

617 

37 

38 

54 

45 

41 

23 

Persistent ideas 

65 8 

70.8 

60 

45 

54 

46 

43 

45 

Anxiety dream 

60 5 

617 

21 

31 

35 

40 

31 

21 

Anxiety at bedtime 

21 3 

24 8 

S 

3 

10 

6 

5 

6 


0ISCUSSION OP Data 

The critical ratios for various components of the inventory are 
found to differ somewhat for the Jewish and Cleveland non* 
Jewish gioups when these arc compared with other groups of lower 
socio-economic status. In Table 3 the D/(7 djm between Jewish 
(low) is 5.58 while for the non-Jewish and American rural it 
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amounts to 6.77, A similar discrepancy is obtained when the two 
groups aie compared with the foreign ruial groups. While com¬ 
parisons between the two different racial groups show no statistical 
significance, nevcitheless, the slight degree of homogeneity between 
the foreign groups might indicate the presence of racial-social factor, 
i e, a response tendency to discriminatory attitudes manifested by 
the dominant group 

A study of Table 8 reveals slight but interesting percentage dif¬ 
ferences between the Cleveland Jewish and non-Jewish gioups 
According to the table wc find that Jewish children arc more aware 
of emotional conflict; suffer slightly more with headaches; arc not as 
easily angered, become much more easily fatigued, )iave more tians- 
itory pains and loss of bieath, motor disturbances, and stomach pains; 
strictness of the home seems more frequent in the Jewish than in the 
non-Jcwish homes. The Jewish children are better able to attend 
in school, make less mistakes in their school work They are slightly 
more introspective, have a hardei time falling asleep, and are more 
susceptablc to persistent ideas. It should be remembered, hovvever, 
that these differences are not statistically reliable when the entire 
Home classification is taken into consideration. 

Inspection of the scores made by Slovak and native children of 
the same social level reveals some significant differences winch may 
be attributed to the fact that many of the Slovak children are bi¬ 
lingual Thus, the foreign child might misinterpret “being mis¬ 
understood" as indicating veibal facility Stutteimg is found to be 
more frequent in the Slovak group for a similar leason. Depressive 
feelings seem to predominate in the Slovak group but the foreign 
fathers seem to have more control of temper than do the native 
fathers of the same social level. According to the data there is 
more paiental domination in the Slovak homes; but this may be 
achieved by an absence of overt effort, since it is probably a part of the 
culture pattein of the home earned over from the homeland The 
acceptance of this pattern leads to a smaller number of fostei-child 
phantasies among the Slovak childien. 

The results of our study indicate that differences in emotional 
stability between racial-rural-urban groups are not a function of 
either locale or race but chiefly a mattei of socio-economic status. 
This points to a more serious acceptance and lecognition of Arlitt s 
(1) and Shimberg’s (16) emphasis upon social status in establish- 
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ing race norms We found no reliable differences between Jewish 
and non-Jewish children nor between Slovak and Scot-Insh 
children on the same social plane Adjustment scores for all categories 
followed closely the socio-economic ranking Diffeiences between 
rural and urban groups, might have been inferred in the absence 
of a rural control group (rural middle) or higher social level 
It is significant to observe that comparisons between groups in the 
absence of controls might have led to vciv erroneous conclusions 

It was somewhat puzzling at first to account for an apparent in¬ 
version with regard to the relationship between adjustment and 
socio-economic status A previous study (3) yielded an 7 of 
—11-1- 003 between these two variableSj leading to the con¬ 
clusion that “Ncuioticism does not piedominate m any particular 
social group Situations engendering nervousness may be encountered 
in any stratum of society.” While the latter is undoubtedly tiue, the 
former is open to question. It is possible that the Sims Socio¬ 
economic Score Card, which was used in the afoiementioned 
study, may have been inadequate to detect those phases of familial 
Integration which are related to emotional adjustment A more 
detailed scale which would take cognizance of parental attitudes and 
other intarigible factors in the home might succeed in revealing a 
higher statistical coirelation. Further studies along this line are 
evidently needed. 

It is not sui prising that our results demonstrate a connection 
between socio-economic level and adjustment. When we consider 
the inferior food, parental intelligence, ignorance of child be¬ 
havior and needs, economic insecuritj^, and general squalor of low 
class homes in comparison with those of higher standards the results 
"become entirely consistent. 

Summary 

The Blown Personality Inventory was administeied to 1647 
children of both seves, ranging in age from nine to 14 years Of 
this number 712 were used for the purpose of this study, which en¬ 
deavored to determine whether differences in race and locale influence 
emotional adjustment. Scores weie secured for five categories 
physical symptoms, insecurity, irritability, home, and school. Eight 
separate groups were compared, including Jewish and non-Jewish 
children of high socio-economic status; Slovak and native rural 
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children of very low social and economic level; a rural native group 
of average socio-economic status, and three urban groups of low, 
middle and high social status. The following results were ob¬ 
tained. 

1 No significant difference between the Jewish and non-Jewish 
gioups of the same social level were obtained 

2 No differences between Slovak and native rural children on 
the same social plane were found. 

3 Statistically significant differences in emotional adjustment 
between the Jewisli-Gcntile and Slovak-native groups definitely 
favored the former. 

4. Statistically significant diffcienccs between the rural groups 
favored the rural agricultural group of superior socio-economic 
status. 

5 The urban group of low socio-economic status closely re¬ 
sembled the two low rural gioups, although the difference was slightly 
lower between the two native groups. 

6 Scores for the three Columbus groups were found to follow 
social level very closely. 

7 Analysis of separate items indicated slight differences with 
regard to physical symptoms nnd home conditions which favored 
the Cleveland Gentile group when compared with the Jewish group. 

8. No relationship was discovered to exist between emotional ad¬ 
justment and race or locale. Adjustment proved to be closely related 
to socio-economic level. The higher the social level of the child the 
greater seemed to be the probability for emotional stability. 
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A COMPARISON OF GENERATIONS IN REGARD 
TO ATTITUDES TOWARD FEMINISM* ^ 

From ihe Department of Sociology of the University of Minnesota 


Clifford Kirkpatrick 


The purpose of this paper is to attempt a quantitative comparison 
of attitudes in successive gcnciations in regard to Feminism and to 
compare the results with the general impression dei ivcd from observa¬ 
tion and historical evidence. It is often said in dispaiagemcnt that 
quantitative methods prove wliat we already knew before. It should 
be remembered, however, that quantitative evidence often forces a 
revision or at least a leconsideration of common sense knowledge 
Furthermore, if the quantitative evidence is in accordance with 
intuitive knowledge there is a gam in certitude and m the degree to 
whicli relationships may be expressed in piecise terms 

The comparison of generations to be attempted seeks (1) a com¬ 
parison of Feminism-Anti-Fcmmism scores of successive generations 
as a quantitative index of a possible trend in social attitudes, (2) 
a comparison of sex disciepancies of attitude in the two gcnciations, 
(3) an analysis of sex and generation diffcienccs in inconsistency of 
attitude, (4) a specific comparison of attitudes of parents and children 
with reference to possible channels of parental influence in the trans¬ 
mitting of culture and moulding the attitudes of children. 

Generation DirrnRENCES in Relation to Trend 
Toward Feminism 

The instrument used in this investigation was the "Relief-Pattern 
Scale for Measuring Attitudes Toward Feminism” which has been 
elsewhere described (3, 4). 

Evaluationnl propositions, Feminist and Anti-Feminist, were pie- 
pared according to a paitiallv objective outline of 40 issues and were 
classified with reference to four Feminist and four Anti-Feminist 


•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, January 15, 1936 
‘This research was made possible by the resciarch funds of the Graduate 
School of the University of Minnesota 
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categories by judges. Three forms of the test were made up from 
Items most uniformly classified, each form consisting of 40 Feminist 
and 40 Anti-Feminist propositions covering the various issues Total 
and partial scores were computed as the algebraic sum of Feminist 
(positive) Items accepted and Anti-Feminist (negative) items ac¬ 
cepted Reliability coefficients ranged from 85 to .94 and sharp 
discrimination between Feminist and Anti-Feminist gioups was made 
by the scale 

The test was administered to winter-quarter, University of 
Minnesota students, 1933-34, with the request that they have blanks 
filled out by both parents No vigoious effort was made to influence 
students and only 29 per cent leturned blanks from one or more 
parents. During the spring quarter more pressure was brought to 
bear and several check-ups were made. The 272 students taking the 
test included 178 who obtained letuins from one or more parents, 
the percentage return being, therefore, about 65 per cent. This 
sample IS much more reliable rn view of a diminished selection factor. 

A preliminary non-specific comparison between 312 female Uni¬ 
versity of Minnesota students and 165 student mothers revealed a 
mean FA score of 16.0 for the students and 9.9 for the mothers The 
corresponding mean scores for 241 male University of Minnesota 
students was 6.7 in contrast to a mean score of 5 1 for 152 fathers 
It would seem at first glance that a social trend in the direction of 
more Feministic attitudes is suggested by these figures. While a 
comparison of generations may be a useful device for measuring 
social trends, the comparison should be specific between generation 
members within the same family groups Economic status is thus 
held fairly constant but age, education, and marital status should 
also be controlled. A more specific comparison for the spring quarter 
group previously described is presented m Table 1 

It is apparent from Table 1 that the relative size of category scores 
for the various groups is fairly constant Economic and political 
scores tend to be uniformly high, although the economic scores are 
much lower for males than for females. In every case the students’ 
mean score is higher than the mean score of the parents except that 
the mothers of sons make a slightly higher score than do their male 
offspring Again it would seem that there is some evidence for a 
continuation of the nineteenth century trend toward Feminism. 
Before drawing such a conclusion, however, the reliability of differ- 
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ences of means must be taken into account In Table 2 the differences 
of means are presented together with critical ratios 


TABLE 2 

Rbliabilit? Of F/I Score Differences Between Generation Groups 


Groups compared 

Differences 
of means 

S. D. 
differences 

Critical 

ratios 

Daughters with maternal data 
and mothera of daughters 

40 (15 Ml 1) 

12 

34 

Daughters with paterna! data 
and fathers of daughters 

7.8 (141-6.3) 

12 

66 

Sons with maternal data 
and mothers of sons 

14- (8 0'6 6) 

1 5 

0.9 

Sons with poteriial data 
and fathers of sons 

3.7 (7 4-3.7) 

18 

21 


A small number of rather highly selected returns aic available 
from a few Temple Univcisity students and their parents. The 
number of cases is too small to make the results very significant The 
data presented jn Table 3 at least suggest that the results at the 
University of Minnesota arc not completely atypical 
Before concluding that the greater conservatism of the older gen- 
eration implied in this study reflects a trend of the times, the factors 
of age and education should be taken into account. FA scores were 
available from ceitain 'itudent parents other than the parents of 
students tested during the spring quarter. For the entire group of 
215 student mothers die correlation between FA score and mothers' 
chronological age vi^as only -i-.040 S. E. 06 The coi responding 
con elation for 194 student fathers between FA score and age was 
4- 039 S. E 072 It IS apparent that for the age range covered 
theic IS no significant relationship between age and score For 311 
University of Minnesota female students studied in another connec¬ 
tion the correlation between FA score and age was 4'*24 S E 05. 
For 241 male students it was 4-.47 S. E. .05 (5). Since any tendency 
that exists is in the direction of an inciease in Feminism with age, the 
Ie« Feministic attitudes of parents taken as a whole and compared 
with offspring can hardly be explained by the greater chronological 
age of the parents There remains the possibility that the high 
score of students may be due to higher educational status, rather than 
to a social trend, favorable to Feminism. The results of exploratory 
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tabulation relating FA score to parents’ schooling are presented m 
Table 4 

TABLE 4 

Mean PA iTcoREa in Relation to Years op Schooling for 354 Out of the 
Total 377 University or Minnesota Student Parents Who Gave 
Complete Data cn Reoaro to Schooling 



Number 

Years of schooling 

Mean FA score 


IS 

04 

44 


95 

5-8 

55 


124 

9-12 

85 


91 

13-16 

10 5 


26 

17-20 

71 

Total 

354 




Table 4 reveals some relationship between schooling and FA score, 
although the coefficient correlation for the 354 parents is only 126 
S E .052. 

It seems desirable to make a non-specific comparison comparable 
to one previously presented, yet considering the educational factor 
Those parents who have had over 12 years of schooling were com¬ 
pared with the college students who had about 14 years of schooling. 
The results are presented in Table 5- 

TABLE 5 

A Non-Specific Comparison of Mean PA Scores of all University of 
Minnesota Students and Mean Scores of Parents of Those Students 
Who Obtained Complete Parental Returns 
(Only parents with over 12 years schooling included) 


Group 

Number of cases 

Mean FA score 

Female University of 

Minnesota students 

?I2 

150 

Student mothers (with over 

twelve 


years schooling! 

ss 

12.5 

Male University of 

Minnesota students 

241 

67 

Student fathers (with over 

twelve 


years schooling) 

62 

73 


With this rough control of the educational factor, the differences 
between generations disappear in the case of males and are sub¬ 
stantially reduced in the ca&e of females. The most significant com- 
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parison would, of couisc, be between students and parents of their 
own sex who had more than 12 years of schooling. This comparison 
IS made in Table 6. 

TABLE 6 

A Comparison of Mean FA Scores or Spring-Quarter Uncversity of 
Minnesota Student Groups Yielding Parental Returns, With the 
Mean FA Scores of Parents Having Morp Than Twelve 
Years op Schooling 


Group 

Number of cases 

Mean FA score 

Daughters with maternal Data 
Mothers of daughters (with over 

107 

15.1 

twelve years of schooling) 
Mothers of daughters (with less 

28 

14 3 

than twelve years of schooling) 

69 

105 

Parental data lacking 

10 


Daughters with paternal data 
Fathers of daughters (with over 

93 

14 1 

twelve years schooling) 

Fathers of daughters (with less 

34 

79 

th.in twelve years schooling) 

S3 

53 

Parental data lacking 

6 


Sons with maternal data 

58 

6 6 

Mothers of sons (with over twelve 


years schooling) 

Mothers of sons (with less than 

14 

9.9 

twelve years schooling) 

38 

72 

Parental data lacking 

6 


Sons with paternal data 

Fathers of sons (with over 

59 

74 

twelve years schooling) 

Fathers of sons (with less 

14 

65 

than twelve years schooling) 

45 

28 

Parental data lacking 

0 



It IS apparent from Tabic 6 that there !s no significant tendency 
for tlie younger geneiation to be more Feministic in their attitudes 
than their patents of tlic same sex when the educational factor is held 
constant The fact that sons make an aveiagc score .9 greater than 
their fathers has no statistical significance There is no evidence 
here that the nineteenth century trend toward Feminism has con¬ 
tinued in recent decades, although it is conceivable that the influence 
of generation differences m m<Tntal status conceals a real trend. 
Theie is the possibility of more oi less qualitative differences in re¬ 
gard to the endorsement of particular items. Below are given^ five 
propositions, arranged in the order according to the degree of differ- 
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ence in acceptance tendency as between daughters and mothers. The 
percentage acceptance is indicated in each case. 

TABLE 7 

Propositions in Order of Differential Acceptability to U2 Female 
Students Obtaining Returns From One or More Parents and to 
165 Mothers or Students 


Percentage acceptance Percentage acceptance 
Proposition students mothers 


No. AE “The influx of •wo¬ 

men into the busmesa 
world in direct compe¬ 
tition ■with men should 
be discouraged ” 

13 

45 

No 9 FE "The r e I o c 1 v e 
amounts of time and 
energy devoted to house¬ 
hold duties on the one 
hand and to a career on 
the other should be de¬ 
termined by persona! 
desires and interests 
rather than by sex” 

%6 

56 

No 67. FP “The working wife 
•who claims economic 
equality has no more 
right to alimony from 
her husband than he has 
fight to alimony from 
her” 

79 

55 

No 51. FP "There is no valid 
reason why women 
should take the na- 
tioDflltty of their hus¬ 
bands upon marriage” 

76 

53 

No, 16. AE “A woman who 
continues to work out¬ 
side the home after 
marriage is shirking her 
fundamental duty to 
home and children " 

34 

56 


It is possible that these differences between females of two gen¬ 
erations, chiefly on economic interests, might be altered if the size 
of sample permitted a meaningful speci'ffc comparison, with edu¬ 
cation held more constant. 

A similar comparison may be made for the male members of suc¬ 
cessive generations. The comparison is presented in Table 8. 
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TABLE 8 

Propositions in Order ot Differential Acceptability to 66 Male Students 
Odtaininc Returns From One or More Parents and to 
1S2 Fathers or Students 



Percentage acceptance 

Percentage acceptance 

Proposition 

students 

fathers 

No 67, 

FP “The working wife 
who claims economic 




equality hag no more 
right to alimony from 

1 



her husband than he has 
right to alimony from 
her ’’ 

47 

74 

No 31. 

FD “Married women 

should struggle against 
enslavement by domestic 
obligations 

21 

47 

No 35 

FP "A father h.i9 no 




more right to the earn¬ 
ings of offspring than 
does the mother.'* 

53 

78 

No 2. 

AD “Aa head of the 
household the father 
should have final auth¬ 
ority over his children” 

23 

47 

No. SI 

FP “There is no valid 




reason why women 
should take the national- 




ity of their husbands 
upon marriage " 

71 

49 


The comparison of males reveals striking differences in regard to 
three political-legal and two domestic issues, in contrast to the differ¬ 
ences between females which involved three economic and two 
political-legal issues. Both male and female generation members 
differed in the acceptability of the same two political-legal prop¬ 
ositions. It would seem, however, that any difference in attitude 
which may exist between members of successive generations is gen¬ 
eral rather than specific for some category of issues. 

Relative Sex Differences in Successive Generations 
There is vast theoretical significance in the relative sex differences 
in successive generations Is the disagreement between the sexes in re¬ 
gard to the proper status of women increasing or decreasing? Is sex 
antagonism, in so fai as it is related to the status of women, becoming 
more bitter, or are the members of the younger generation reaching 
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R common ground of agreement in regard to these important issues? 
If there is greater disagreement between the sexes in the younger 
Eeneration, additional light is thrown on the trend toward increasing 
divorce rate?. 

Harking back to the non-specific generation comparison previously 
made, we find the mean FA scoie of 312 female students to be 16.0, 
while the scoie of 241 male students is 6 7 The difference between 
means is 9 3 with an S E of difference of only 84 The mean score 
for 165 student motheis is 10 0 and foi 152 student fathers 5 3 The 
difference is only 4.7 with an S. E. of difference of 1 01. It would 
seem that there is a tendency foi the sexes in the younger gen¬ 
eration to be more at odds than the two sexes in the older geneiation 
A more specific comparison may be made between parents and their 
own children The sex differences in mean score are picsented in 
Table 9 for those groups analyzed in Table 1 

TABLE 9 


A COMPARISOK OF GENERATIONS IN RbcARO TO SEX DlFFDRDNCBg IN MbAN 

FA Scores 


Group 

Difference 
of means 

SDof 

difference 

Critical 

ratio 

Daughters vTtth rnaternst data (107 cases) 
and sons with maternal data {$% cases) 

%l 

1 3 

63 

Mothers of daughters (107 cases and 
fathers of daughters (93 cases) 

48 

1.3 

37 

Daughters with paternal data (93 cases) 
and sons with paternal data (59 cases) 

67 

1.5 

43 

Mothers of sons (5S cases) and 
fathers of sons (59 cases) 

4.3 

1.5 

28 


It seems justified to piesent in Tables 10-11 a comparison be¬ 
tween the propositions on which sons and daughters differ most 
widely and the propositions upon which the fathers and mothers 
differ most widely 

It IS apparent from the preceding tables that the parents differ in 
regard to a somewhat greater variety of items It is also to be 
noted that the percentage disagreement foi the younger generation 
tends to be somewhat greater than for the parental generation. 

Another way of describing differential sex differences between the 
two generations is to work out rank order correlations between the 
percentage acceptances by males and females m each generation. The 
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TABLE 10 

Propositions in Order of Differential Acceptadilut to 112 Female 
Students Obtaining Parental Abti/rns and 66 Male Students 
Odtainino Parental Returns 

Percentage acceptance Percentage acceptance 
Proposition female students male students 

No 9 FE“The relative 
amounts of time atid 
energy devoted to 
household duties on the 
one hand and to a ca¬ 
reer on the other should 
be determined by per¬ 
sonal desires and inter¬ 
ests rather than by set," 86 44 

No 35 FP “A father has no 
more right to the earn¬ 
ings of offspring than 

does the mother.'* 91 S3 

No 43 FP "To deny mothers 
the right to equal 
guardianship of their 
children is to perpetuate 
a ridiculous Inequali¬ 
ty ” 87 49 

No 67 FP ‘‘The working wife 
who claims economic 
equality has no more 
right to alimony from 
her husband than he 
has right to alimony 

from her" 79 47 

No 8 AE ‘‘T h e influx o f 
women into the busi¬ 
ness world in direct 
competition with men 

should he discourage” 13 43 

rho between the peiccntages of the 165 mothers accepting the various 
propositions and the percentages of the 152 fathers accepting the 
propositions proved to be 90 The corresponding rho between the 
percentages of 112 daughters accepting the various propositions and 
the percentages of 66 sons proved to be only 84 A certain con¬ 
vergence of evidence points to the conclusion that the sex disagree¬ 
ment for the younger generation is greater than the disagreement 
for the parental generation 
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TABLE 11 

PROFosmoMs iM Order of Differential Acceptability or 16S Student 
Mothers and to 152 Student Fathers 


Percentage acceptance Percentage acceptance 
Proposition mothers fathers 


No. 2 

AD “As head of the house¬ 
hold the father should 
have final authority over 
his children” 

21 

+7 

No SO 

AD "A man has the right 
to insist that his wife nc- 




cept his view as to what 
can or can not be afforded,” 

3+ 

57 

No. 32 

AE “Far too much money 

IS wasted on vocational 




and professional training 
for women ” 

6 

2S 

No, 12 

AC “Women should l>c 
guided by men’a views of 
decency m dress” 

17 


38 

No 22 

AF “The husband should 
be regarded as the legal 
representative of the family 
pou^ in nil matters of 

1 

SI 



71 


Gbnbration Comparison of Attitude Inconsistency 

In a previous article a description was given of a so-called general 
inconsistency ratio which was woiked out as an index of the ten¬ 
dency to check both Feminist and Anti-Feminist ,propositions in a 
particular category (1). The results of the comparison with the 
aid of this Index of inconsistency is presented in Table 12. 

TABLE 12 


A Comparison of Mean General Inconsiitbncy Ratios 
Quarter Student and Parent Group 

OF Spring 

Group 

No. of cases 

Mean GIR 

Daughter with maternal data 

107 

29 

Mothers of daughter- 

107 

36 

Daughters with paternat data 

93 

29 

Fathers of daughters 

93 

39 

Sons with maternal data 

58 

39 

Mothers of sons 

58 

.41 

Sons with paternal data 

59 

.38 

Fathers of sons 

59 

.44 
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Table 12 shows a tendency for the older generation groups to be 
more inconsistent. In view of the greater inconsistency of the males* 
the comparison of generation groups of the same sex is most significant. 
When a less specific comparison is made, involving a larger number of 
cases, the same tendency persists. In Table 13 all of the University 
of Minnesota students are compared by sex with the parental groups. 


TABLE 13 

Comparison of Mean G I R. Differences of 312 Female Students and 16S 
Mothers and or 2+1 Male Students and iS2 Fathers 


Group G.I R difference 

SD of difference 

Critical ratio 

Female U of M students 
(0,1 R ,2S) and mothers 
(GIR 38) 

12 

OIS 

6 67 

Male U. of M. students 
(GIR 36) and fathers 
(GIR .41) 

.05 

019 

2 63 

'Female U. of M students 
(GIR ,26) and male U 
of M students (G.IR 
36) 

10 

.016 

6 25 

Mathers (GIR 38) and 
Fathers (GIR 4l) 

03 

021 

U+ 


It IS clear from Table 13 that the parental groups tend to have 
significantly higher mean G I. R's It also seems to be true 
that the sex differences in inconsistency tend to be greater m the 
younger generation. 

A distinction can be made between general attitude inconsistency 
and issue inconsistency (2). An issue inconsistency ratio (I I. R ) 
IS the proportion of propositions dealing with the same issues which 
are checked in both the Feminist and Anti-Feminist version It 
is almost logically inconsistent to check both No 1 FE (Women have 
the right to compete with men in every sphere of economic activity) 
and No. 8 AE (The influx of women into the business world in direct 
competition with men should be discouraged). Tfie issue inconsistency 
ratios (I I R.’s) aie presented for the student-parent groups in 
Table 14 

Table 14 reveals rather a substantial tendency on the part of both 
students and parents to be on both sides of the fence with reference 
to a particular issue This may be due to carelessness or to confused 
thinking associated with an essentially neutral position The fathers 
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TABLE 14 

Mean HR's of Student Groups as Compared With Parent Groups 


Group 

No. of cases 

Mean I I.R 

Daughters with maternal data 


23 

Mothers of daughter*. 

107 

26 

Daughteis with patemal data 

93 

2+ 

Fathers of daughters 

93 

35 

Sons with maternal data 

58 

28 

Mothers of sons 


29 

Sons with paternal drta 

59 

27 

Fathers of sons 

59 

36 


are especially inconsistent in the sense of checking both Feminist 
and Anti-Feminist items bearing upon a particular issue This 
might be e'spected in view of the likelihood that the fathers were 
more hurried and indifterent in responding to the request of then 
student oHspring. An I. L R of 1.00 would stand for a checking of 
both the Feminist and Anti-Feminist items for every issue covered. In 
view of the sizable ratios found, it is clear that isolated verbalizations 
must not be taken too seriously. It is striking that there is a good 
deal of issue inconsistency among students who took the test with 
great earnestness and whose total test scores yielded high coefficients 
of reliability. 

Parental Influence on Attitude Formation 

No sociological process is more universal than the process by 
which immaterial culture is transmitted from generation to gener¬ 
ation. Investigation in this relatively unworked field meets all the 
criteria of scientific significance (6). In ordei to obtain evidence in 
regard to the relative strength of channels of influence in parent- 
child relationships, preliminary correlations were worked out between 
the FA scoies of parents and children for a rather heterogeneous 
collection of families. Winter-quarter cases were included in spite 
of the low parental returns, and about a dozen cases obtained from 
Temple University. The correlations are presented in order of 
magnitude in Table 15 

A comparison may be made for the parent-student groups pre¬ 
viously discussed, which are smaller in size but less selected in view 
of the better return of parental blanks obtained in the Spring quarter. 
The correlations are presented in Table 16 
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TABLE 15 

Parent-Child Correlations of FA Scores for Minnesota and 
Tempi E UNivcRSirr Students 


Variables 

No of cases 

CoefHcicnt of correlation 

Mother Score-Daughter Score 

135 

+ 38 SE 07 

Mother Score-Son Score 

90 

-}- 34 S E 09 

F ther Score-Daughter Score 

115 

-h 17 S E. 07 

Father Score-Son Scoic 

8+ 

-f.07 SE U 


TABLE U 


Correlation of FA Scoars of 

Spring-Quarttr University of Minnfsota 

Students and 

the fa Scorps of Parents 

Variables 

No of cases 

Coe/Iicient of correlation 

Mother Scorc-Dauglitcr Score 

107 

+ 39 SE 08 

Mother Score-Son Score 

58 

+.21 S E 12 

Father Score-Daughter Score 

93 

+ 09 S E. 10 

Father Score-Son Score 

59 

— 10 SE 12 


Tables 15 and 16 arc in fauly close agreement and show a sub¬ 
stantial tendency toward highci mother-child correlation as com¬ 
pared with father-child coriclation The low father-son conelations 
are especially interesting in view of the psychoanalytic theoiy of latent 
father-son antagonisms. The results aic also in fairly close agice- 
ment with the findings of Stone in regard to religious attitudes Her 
results weie obtained with the aid of a “brief pattern” scale and 
are presented in terms of a rank-order correlation rather than a 
Pearsoman r 

TABLE 17 

Rank-Order Correlations Between Religious Attitude Scores of 
Parents and OrrsPRiNc 


Variables 

No. of cases 

Rho 

Mother Score-Daughter Scojc 

46 

+ 53 

Mother Score-Son Score 

44 

+ .62 

Father Score-Daughter Score 

37 

+ S3 

Father Score-Son Score 

38 

+ 33 


This is striking agreement in regard to the higher motlicr-chiid 
con elation The problem of interpretation, of course, remains. It is 
conceivable tliat the influence upon attitude might have been from 
child to parent rather than the reverse. There is also the possibility of 
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reciprocal attitude modification as between generations; also the 
possibility of convergence of attitude in the two generations in response 
to external environmental stimuli. To evaluate these possibilities 
more precisely a more refined correlation analysis would be necessary 
By far the most plausible hypothesis is expressed by the saying, “The 
hand that rocks the cradle rules the world.” The channel of cultural 
influence between mother and child does seem to be especially broad 
and deep. It is interesting to note that, taking 182 parent pairs 
related as husband and wife, the correlation between the wife’s FA 
score and the husband’s FA score was +.348 S. E 065. 

Assuming that the inter-generation correlations reflected foi the 
most part the influence of parents on children, it might be expected 
that the correlations would be highest for those cases m which the 
student reported special intimacy during childhood with the parent 
under consideration. The results are presented in Table 18 

Table 18 reenacts the old tragedy of a beautiful hypothesis assault- 


TABLE 18 

The Relation Between Reported Imtimacv of Students wirn Parents and 
Correlation Bbtwebn Student-Parent FA Scores 


Variables 

No. of cases ' 

Coefficient of correlation 

Scores of daughters-most-mtnnate- 
with-mothers and mothers' scores 

70 

+ 319 SE 

107 

Scores of daughtera-equally-inbin- 
ate with-both'parents and 
mothers' scores 

91 

+ 697 S E 

.053 

Scores of daughters-most-lntiiaate- 
wi'lh-mothers and fathers’ scores 

60 

+ 326 S E 

115 

Scores of daughters-equally-mtim- 
ate-with-both-parents and fathera’ 
scores 

80 

+.315 S.E. 

.100 

Scores of sons-most-intimatc- 

wlth-rnothers and mothers' scores 

57 

+ .160 SE 

.159 

Scores of sons-equally-intimate- 
with-both-pareiUs and motherB' 
scores 

47 

+ 294 SE 

.133 

Scores of sons-most-intimate-with- 
mothers and fathers’ scores 

45 

+.033 S E 

.133 

Scores of sons-equally-mtimate- 
with-both parents and fathers' 
scores 

44 

— 108 S,E 

.149 
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cd by a gang of brutal facts. In every instance the relative size of 
coefficients of correlation is the opposite of what would be expected 
from the hypothesis Reported intimacy with a parent implies a lower 
correlation ot student score with that parent's score than when equal 
intimacy with both paients is leported This fact illustrates the 
necessity for Interpreting statistical data from tlie point of view of 
tlie entire configuration There seems to be a concealed relationship 
which is responsible for the results It Is probable that equal intimacy 
with botJi parents is associated with a more Feministic and less 
patriarchial family tradition This perhaps permits a more flexible 
and more personal process of attitude formation For examplCf 
where daughters aie equally Intimate with both parents it is likely 
that tlie mother is freer to impress her views upon her daughter 
than in a patriarchal family where the mother is more intimate with 
her daughter and yet relatively lacking in authority. The same would 
probably be true m the case of sons whose scores correlate more 
highly with those of the mother when there is equal intimacy with 
both parents Again, in a patriarchal family under the stern domin¬ 
ation of the father, sons might be forced into greater intimacy with 
the mothers, and yet the authoritarian position of the father would 
bring about a higher father-son correlation than when there was 
equal intimacy with both parents To test fully the hypothesis, 
causative factors other than intimacy should be held more nearly con¬ 
stant. This intriguing problem awaits further investigation 
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LA CONSTRUCTION D’UNE ECHELLE DES FORMES DE CROY- 
ANCES POUR MESURER LES ATTITUDES VIS-A-VIS 
DU FfiMINISME 
R68uin6 

On a construit une ichclle des foimea de croyances pour mcsurer les 
attitudes vis-i-vis du fdminisme sur la base des suppositions anterieiirement 
expos^es, et dans I’espoir de certains ayantages^ et applications Des pro¬ 
positions ^valuatrices, fdministes et anti-f6miniates, ont ete prdparees 
selon un risumd en partie objectif de quarantc matiferes en contestation 
f^ministes et ont 6te classifies & I’egard de huit catdgorles par des juges. 
Trois formes du teat ont 4td formuldes des points le plus uniformement 
classifies, composees de quarante propositions femmistea et de quarante 
propositiona anti-fdminiates comprenant lea diverses matidres. On a fait 
aubir le test d des dtudianta, & des membrea des organisations fdministes, 
et h des prddicateiirs luthdnens. Puisque I’iniensitd dc la reaction n’a 
semble ni constante ni aignifiante seloti I'dvidence empiriqiic, on a compute 
lea rdsultats des categories et les rdsultats totaux comine les sommes al- 
gdbnqucs des points fdministes (positifs) acceptes ct des points anti- 
fdministes (negatifs) acceptes Les computations des valeurs d'dchelle sigma 
et la comparaison des rdsiiltats sur les formes differentes ont scmbld justifier 
ce proedde ct la supposition de I’lnterchangeabiHtd moyenne des points. Les 
Constances mesurdes par le test et le nouveau test ct les correlations entre les 
formes ont donne des coefficients de 0,85 & 0,94- Outre la possession d’une 
validitd inhdrentc comme reflection de la forme culturale du fdminisme, 
I’dchclle a dlscnmind d'une fa^on claire entic lea feministes ct Ics prcdica- 
teurs luthdnens ct entre les dtudiants males et fcmelles 

Kirkpatrick 


DER AUFBAU EINER GLAUBENSGEBILDESKALA ZUR MESSUNG 
DER ANSICHTEN UBER DEN FEMINISMUS 
(Referat) 

Eine Glaubcnsgebildeskkala zur Mesaung dcr AnsiclUen uber den Fcmi- 
nlsmua wurde aiif Grund der fruher angegebenen Annahmcn aufgestellt und 
mit der Hoffnung, gewisse Vorteile und Anwendungen zu errelchen 
Abschdtziingsbehauptungen, Femimsten und Feministenfeindliche, wurden 
nach einem teilweise objektiven Grnndriss dcr vierzig FeministenschlUsse 
Yorbereitct und in bezug auf aclit Kategonen von Sachvcratandigen einge- 
ordnet. Drei Formen des Tests bestanden aiis Einzelheiten am gleich- 
massigsten klassifiziert die aua vierzig Feministenbehauptungen und vierzig 
fcministenfemdlichen Behauptungen Uber die verschiedenen Schlussc bestan¬ 
den. Der Test wurde Stiidentcn, Mitgliedcrn dei Femlnistenvcreine, und den 
liitherische Predigern gegeben Da die Intensitat der Reaktion nacli empiiis- 
cher Evidenz unzuveildsaig und unbedeutsam erchien, wurden die Kategonen- 
und Gesamtwerte als aglebraische Summen der Femimsteneinzelheiten 
(positiv) und ferainistcnfeindlichen Einzelheiten (negativ) berechnet Dio 
Bercchnungen der Skalawerte und der Veigleich dcr verschiedenen Werte 
bei verschiedenc Formen schienen dieses Verfahren und die Annalime einer 
diirchschnittlichen Aiistauschbarkeit der Einzelheiten zu rechtfcrtigen Die 
Zuverlassigkelten, wie sie durch die Piufungs- und Nachpnifungsmethode 
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und Zwisclicnformkorrelatmnen gcmesscn wurdcn, ergaben Koeffizientcn von 
0,85 bia 0,94 Abgesehcn von der anhaftenden Gultigkcit ala Widerspicgelung 
des Kulturgebildes des Fcminismus unterschied die Skala acharf zwischen 
Feministen und luthcrischen Predigero und zwischen Studenten und Stu- 
dentitincn 

Kirkpatrick 




AN EVALUATION OF THE USE OF THE ALLPORT 
ASCENDANCE-SUBMISSION TEST WITH 
HIGH' SCHOOL GIRLS* 

Froin the Deparltnent of Payeholo{fy of tlis Vmvertity of Rochester 
and Gasfort High School 


Griffith W Williams and Florence Chamberlain 


The PnoDLBM 

There seems to be no generally accepted definition of the term 
"personality trait,** That it is considered important can hardly 
be questioned in view of the vast amount of researcli which is being 
done in this field Much of this work proceeds on tl)c basis of the 
hypothesis that it is a geoeralizcd tendency in the behavior of the 
organism. Before tliis hypothesis can be established it will be 
necessary to show that there is a genetic development of these ten¬ 
dencies This investigation consists of an attempt to make such a 
genetic study. 

The tendency to be ascendant or submissive in face-to-face social 
situations is such a "trait” which has yielded to an experimental 
approach. This is shown in the development of the Allport A-S Re¬ 
action Study (2) and its derivatives and the results obtained from 
their use 

This test was developed for use with adult groups and its norms 
are based on tlie results obtained fioro the three upper college classes. 
It seemed probable that if this adult test were given to a younger 
group some information might be obtained about the genetic develop¬ 
ment of this cliaracteiistic With this in view, the “Form for 
Women” was given to a group of girls in high schools and, conse¬ 
quently, younger than those on whom it was standardized. 

When the experiment was earned out with this as a basic purpose, 
it was found that the data had a bearing on several other problems. 
Among these arc the questions (1) whether a progrchaivc tendency 
toward adult standards of ascendance or submission can be found 
with reference to particular forms of behavior represented in the 

^Accepted ^or pubJfcalion by Carl Murchisoa o/ the EditorJaf Board 
and received in the Editorial Office, January 24, 1936. 
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test (as distinguished fiom the results of the test as a whole); (2) 
whether the test can be used with groups younger than those on 
which it was standardized, (3) tlie validity of the test wlien used 
at these levels; and (4) the relationship between the behavior meas- 
uied by the test and scholarship as represented by school grades. 

Sl/RJCCTS 

The subjects were 259 girls in regular attendance at New York 
State Senior High Schools in a noithwestern section of the state These 
high schools Rre within 20 miles of one anotlier and are located 
in villages of less than 2000 in population Thus all of tlie subjects 
came from a distinctly rural distiict, the villages in which the high 
schools are located being m a successful, fruit-growing section. Their 
homes can be described as middle-class, comfortable, and typically 
Ameiican liomes Not over 5 per cent are of foreign parentage, 
Furthermore, they are unselected Within the high school groups 
no distinction was made with reference to intelligence and social 
standing, the only criterion of selection being attendance at these 
high schools This provides a homogeneous experimental group which 
is typical of many others in other parts of the country 

The age and grade distribution of the subjects are shown in Table 
1. The ages most representative of the particular grades are italicized 


table I 

Tiip Acc-Grade Distribution or Au, Subjpcts 



10 

11 

12 

13 

14 

Ages 

15 16 

17 

18 

19 

20 

Total 

Junior High 

1 

3 

7 

7 

5 

1 

1 





25 

Freshmen 




7 

26 

27 

7 

3 

1 



65 

Sophomore 





8 

26 

22 

7 




63 

Juniors 






6 

23 

77 

9 


1 

56 

Seniors 






2 

7 

IS 

74 

6 

3 

50 

Total 

1 

3 

7 

1+ 

39 

56 

60 

45 

2+ 

6 

4 

259 


Including four doing additional Senioi ^ork after graduation 


To facilitate the tabulation and interpretation of lesuks with le- 
spect to chronological age in subsequent tables, the gioup has been 
divided into six age divisions of one year each, the few scattered 
cases under 13 being included m the 13-year group and those over 
18 in the IS-year group. All other cases fall into their normal age 
groups 
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Materials and Procedure 

The test used was the "Form for Women” of the Allport A-S 
Reaction Study. The rating scale was ako that used by Allport (2, 
p. 127) The only minor change made in these printed materials 
was in the rating scale—the name of the subject to be rated was filled 
in before the scale was handed to the rater and the first sentence 
was accordingly changed from "kindly rate the student who gives 
you this paper” as was done by Allport to "kindly rate this student.” 

Owing to the difference in the age of this group fiom that of the 
upper college levels on which it was standardized, it also became 
necessary to change the spoken instructions for giving the test in a 
slight degree They were told to substitute “school” or "high school” 
wherever the word “college” appeared and similarly “teachei” for 
"professor” They were also told to raise their hands and wait for 
tJie experimenter whenever questions of vocabulaiy arose. These 
were answered and the subject then proceeded with the test. This 
change showed that the description of certain situations presented a 
distinct language handicap for the first group of subjects to be tested 
To deteimine the exact points of difficulty, the remaining 225 subjects 
were asked to place a question mark by each word or phiase the 
meaning of which was not dear. 

Subsequently, it became evident from the questions and remarks 
of the subjects that some of the test situations were not within the 
range of common experience for these girls. As a result, 95 sub¬ 
jects representing the total number in two of the high schools were 
asked to check those situations which had not been met with sufficient 
frequency to allow them to give a fair or indicative answer. As this 
lequest was not made until the end of the test, it could not affect 
their test results and consequently, did not necessitate their separate 
tabulation. 

In order to determine the relationship between test scores and 
scholarship, a group of 95 girls, the total number from one of the 
other schools, was chosen The estimate of scholarship was based on 
the average of five monthly marks in the school term, September 
to January 1932-33, the term immediately preceding the giving of 
the tests. These grades ranged between 73 and 92. 

A group of 65 girls, the total numbei from one school, was chosen 
for the determination of the validity of the test as measured by the 
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ratings of fellow students. Six of these girls, selected at random, 
Were given 64 copies of the (slightly modified) rating scale used by 
the authors of the test. The names of the other girls in the group 
had to be written on the sheefa The raters did not rate themselves 
Tile raters had lived in the community for several years and were 
well acquainted with their fellow-students After tlie scales had been 
filled in, her own scales were then arranged by each rater in the 
lank order of estimated ascendance and submission For example* 
if a. rater indicated that five girls had a “strongly marked tendency 
to take the active role . . in dealing with her fellows” these 

were ai ranged in the order of the estimated stiength of this tendency 
from the most marked to the one most nearly approaching those 
who only show a “marked tendency to take the active role,” etc., 
these two steps, representing the first and second steps in the Allport 
scale, respoctively. The estimates of the girls were obtained without 
discussion or comparison of ratings among themselves. If a girl was 
not well known to the rater, hei rating was omitted. As all those 
for whom there were not six complete ratings were omitted, this 
left a total of 52 girls in this group The rankings given every sub¬ 
ject by the six raters were added and the average thus obtained was 
regarded as the final rank for each girl. The test scores were also 
converted into ranks and the correlation between the two scries then 
computed by the rank method. 

Results 

Dhtribtiiion of Scores, Table 2 shows the distribution of the 
scores and Figure 1 Is a graphical representation of these data. 

• TABLE 2 

Distribution of Test Scorps N=259 

Class intervals 

—30 —25 —25 —IS —10 —5 0 5 10 IS 20 25 30 35 40 45 
Freq 5 12 22 18 31 33 29 38 21 H 14 11 8 2 1 

The scores ranged between a plus or ascendant score of 42 to a 
minus or submissive score of 30. The median is 1.5 as compared 
with an adult median of 15.4, When compared with the adult 
median, there are 50 cases or 19 per cent of the total with ascendant 
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’30-25-20-15 -10-5 0 «5 «I0 *15*20»25«30*35440«45 
SCORES 


FIGURE 1 

THE DISTRIBUTION OF SCORES 


scores, the remaining 209 oi 81 per cent of the total being sum- 
missive. 

Tables 3 and 4 show a fuithei distribtution of scores according 


TABLE 3 

The Grades, Number or SuajEcrs, Range and Median Score for Each 
Grade and Percentage Odtaininq Ascfndant Scores 


Grade 

N 

Range 

Percentage 

ascendant 

Median score scores 

Seniors 

50 

38 to ~25 

S 0 

40 

Juniors 

56 

42 to —29 

s.s 

21 

Sophomores 

63 

39 to —30 

—11 

13 

Freshmen 

65 

33 to —28 

—s s 

9 

Junior High (7-8) 

25 

29 to —25 

-45 

16 


to school gieide and chronological age, lespectively The percentage 
of ascendant scoics m both tables represents the number of subjects 
obtaining these scores as judged by adult norms. 

Comparison with Adult Notms The data have been arranged 
in Table 5 so as to make it possible to compare them with those on 
which the test was standardized. In this tabic the deciles arc ar- 
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TABLE 4 


Chuonolqoical Age, Number and Subjects, Range and Median Score 
FOR Each Ace and Percentagb Obtaining Ascendant Scores 


C,A 

N 

Range 

Percentage 

ascendant 

Median score scores 

18+ 

3+ 

30 to —25 

65 

29 

17 

4S 

34 to —26 

I 3 

22 

16 

60 

39 to —30 


22 

15 

56 

42 to —24 

05 


14 

39 

29 to —28 

—7,5 

3 

13— 

25 

31 to —25 




TABLE 5 

Tub Range of Scores or Subjects for Each High School Decile, Number 
or Scores Reaching Adult Standards for Each Decile, pBRcENrACB 
OF Total Hioh School Scores Rbachino Adult Standards for Each 
Decile and the Difference Between the Odtained Percent¬ 
ages Within the Deciles and Those of Adults 


Deciles 

Range of 
scores in higli 
school deciles 

No of scores 
Within adult 
decile range 

Peiccntngc 
within ndnit 
deciles 

Diderencc 
from adult 
Percentages 

1 

+42 (0 +2f 

2 

04 

— OS 

2 

+22 to +14 

6 

2.0 

— 80 

3 

+13 to + 9 

15 

6,0 

— 40 

4 

+ 8 to + 3 

17 

70 

— 30 

5 

+ 4 to + 1 

IS 

60 

— 4.0 

6 

0 to — 4 

24 

9.0 

— 10 

7 

— 5 to — 8 

J4 

ISO 

+ 30 

S 

— 9 to —11 

39 

IS 0 

+ 5,0 

9 

—12 to —19 

57 

22 0 

+ 120 



51 


+ 100 


ranged as they were by the authors of the test, i e., from 1, the most 
ascendant 10 per cent, through 5 and 6, the middle or average 20 pei 
cent to 10, the most submissive 10 per cent of the adult gioup 
Within the limits of this experiment, the range of scores for the 
high school deciles can be considered as the norms of this test for 
use in age and grade limits covered by this experiment The adult 
norms show that there is a considerably wider distribution of re¬ 
sponse for the adults than for the adolescents. The extreme adult 
values range from 4-59 to ■—50 while those of the adolescents range 
from -j-4-2 to —30. This would seem to indicate that development 
towards adult maturity involves an accentuation of both ascendant 
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and submissive tendencies Furthermore, there is a progressive in¬ 
crease in the number of high school students who make scores within 
the successively submissive deciles This means that the behavior 
components of the test are those on which this younger group of 
subjects tend to take a submissive attitude as compared with the 
adults on whom it was standardized. The same conclusion is sub¬ 
stantiated by the percentage of subjects falling within the adult 
deciles and the difference between the obtained and expected per¬ 
centages as indicated in the last column of the table. Tliere is a 
deficiency of nearly 10 per cent in the most ascendant decile and an 
excess of about 10 pei cent in the most submissive decile 

Tables 3 and 4, theiefore, show the same geneial tendency, that 
IS, a tendency to develop toward adult standards with an increase 
in age and progress in school Table 5 shows that foi a test that will 
show a normal distribution for adults the component items nre those 
on which an immature group tends to take a predominantly sub¬ 
missive attitude and development seems to consist of an increase in 
ascendant responses in tliese behavior situations 

Di-fferentiaiion of Tendency Toward Ascendance and Snbrnission 
A further analysis of the data becomes necessary in view of the fact 
that tlic extiemes of adult behavior as represented by an ascendant 
score of -f-59 and a submissive score of —50 aie not approached by the 
experimental group, Development toward adult standards must pro¬ 
ceed in both directions. A consideration of the question will be fa¬ 
cilitated by the arrangement in Tables 6 and 7, respectively, of those 
items on which the older years in the experimental group show an 
increase in ascendant and submissive behavior when compared with 
the younger years Only those questions showing 5 per cent oi 
more have been selected. 

Wliile all of these situ.'itions and differences cannot be individually 
considered to be impoitant or reliable, they serve to indicate the 
probable direction in which the accentuation of adult tendencies 
proceeds. 

Correlations with Grades and Fellow Students" Estimates. The 
product-moment correlation between school grades and test scores 
was found to be 118±.07. This is based on the records of 95 
girls with test scores ranging from -{-38 to —28 and with grades 
from 73 to 92 

The rank-diffeience correlation between test scores and fellow- 
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TABLE 6 

Situations Showing a Procrbssive Tendency Toward Ascendancy To¬ 
gether WITH THE Percentage or Ascendant Answers for Years 13-14 
AND 17*18 Respectively, with the Difference detween 
THE Percentages 


Percentage Percentage 
ascendant ascendant 


No of 
<}tiestiorT 

answers yrs 

Sitnation 13-14 

answers yrs, 
17-18 

Percentage 

difference 

1 

Not persuaded to try new 
styles 

58 

63 

5 

3 

Taking conspicuous seats 

3 

13 

10 

5/1 

Soliciting funds 

45 

61 

16 

Sb 

No reluctance to solicit 

39 

49 

10 

6h 

Voluntarily starting discus¬ 
sion 

50 

57 

7 

9 

Remonstrating with person 
pushing ahead 

44 

62 

18 

n 

Dissatisfaction at not keep¬ 
ing appointment 

2 

14 

12 

14 

Not crossing street to avoid 
meeting 

81 

n 

10 

16>i 

Appearing as lecturer or 
entertainer 

13 

30 

17 

17 

willing that friends know 
they trade at Woolworth's 

66 

80 

14 

19 

No entharrnssrnent in relin¬ 
quishing scat 

66 

75 

9 

20 

Being recognised leader 

27 

44 

17 

21^ 

More at ease with other 
persons 

8 

19 

11 

22b 

No embarrassment at greet¬ 
ing stranger as acquaint¬ 
ance 

2 

8 

6 

24b 

Initiative in opposing chair¬ 
man 

45 

58 

13 

25a 

Telling owner of losing oi 
breaking tennis racket 

77 

90 

13 

26 

Questioning erroneous state¬ 
ment 

28 

34 

6 

27 

Volunteering opinion differ¬ 
ing from lecturer 

66 

77 

11 

29fl 

Not having "crush’' 

39 

47 

8 

31 

Irritated if not called to re¬ 
cite 

45 

56 

11 

32 

Thinking teacher talks too 
much 

45 

58 

13 

35 

Beginning conversation 
among strangers 

13 

20 

7 
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TABLE 7 

Situations Showing a Progressive Tendency Toward Submission Together 
WITH THE Percentage or Submissive Answers for Years 13-14 and 
17-18 Respectively, with the Differencf between 
THE Percentages 


No of 
question 

Percentage 
submissive 
answers yrs 

Situation 13-14 

Percentage 
submissive 
answers yrs 
17-18 

Percentage 
differ ence 

2a 

No attempt to meet import¬ 
ant guest 

17 

27 

10 

7 

Disturbed about faiae rumor 

52 

62 

10 

10 

Selfconscioua with superiors 

81 

86 

5 

12 

No initiative at stupid party 

73 

81 

S 

2\b 

More at ease with younger 
persons 

5 

11 

6 

34 

Difficulty in asking man to 
go to dance 

78 

85 

7 


students’ estimates of ascendant-submissive tendencies was found 
to be 27. This gives a product-moment value of .28dz 09, the esti¬ 
mates being based on the combined ratinp of six fellow-students for 
52 subjects The relatively low correlation may be a function of 
the smallness of the group, the lack of validity of the test at this 
level or the incompetence of the raters. It compares favorably, 
however, with the lower index of validity obtained by the author of 
the test (2, p 133) where a correlation of .29 was obtained. (A 
relatively high correlation of .79 was obtained by the authors on a 
preliminary form of the test when careful instructions in the use 
of the rating scale were given to the raters ) 

Difficulties of Language and Situation. It was found that all 
test items presented a language difficulty of from 3 to 15 per cent 
of the 225 subjects who cooperated in this part of the work The 
following are the words and phrases giving the most difficulty—“re¬ 
luctant,” "solicit,” “remonstrate,” “selfconscious,” "superiors,” “in 
the academic or business world,” “dictatorial or domineering,” 
“antagonistic,” “erroneous,” “crush,” “stage fright,” “lecturer or 
entertainer,” “recognized leader.” A good example of the inter¬ 
pretations of high school students of these words is given by the 
questions asked concerning “stage fright,” These included the fol¬ 
lowing—“Does It mean that you get sick? that you faint? that you 
go blind? that you have to be carried out?" or “Docs it mean just 
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being frightened?" This was interpreted as acute nervousness 
experienced while appearing as an entertainer Similarly the ques¬ 
tion of what constitutes "entertainment” was raised. Does it mean 
participation in a "play,” "assembly program,” "church program, 
e. g on Children’s Day,” "singing in duet or chorus," "playing in 
an orchestra,” or a "complete principal-feature role?" This was 
interpreted to mean any public performance 

Six of these items may be made readily usable at this level by 
lewording. The other five are also included in the list of situations 
occurring too infiequently to permit the subjects to give a valid 
answer. 

In a group of 95 unselected subjects, 10 or more checked the items 
listed in Table 8 as having been experienced too infrequently to per¬ 
mit a valid answer 

TABLE 8 


Situations Unsuitable for the Experimemtal Group Because of In¬ 
frequency or Contact wmi Them, Together with the 
Percentage Checking Them (N=95) 


No of 
question 

Percentage 

checking 

No of 
question 

Percentage 

checking 

1 

32 

22rt 

13 

2<i 

29 

23a 

12 

4rt 

11 

24a 

IS 

Srt 

+3 

28 

20 

6/7 

28 

29i3 

20 

8 

23 

29h 

n 

10 

13 

30 

13 

15 

23 

34 

33 

16/7 

12 

35 

17 

19/7 

$4 




While tending to invalidate the test for use at this level of ma¬ 
turity, the difficulty caused by these situations seems to indicate tlie 
lines along which the experience of these subjects will extend in its 
development to the levels of adult behavior An examination of the 
items, however, does not reveal any consistent tendency or giouping 
of items. They are, rather, discrete items indicative of a variety of 
interests. 

Conclusions and Discussion 

While the questions laised at the beginning of this investigation 
are not fullv answered, considerable information is provided by the 
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results which should lead to a conclusion with reference to them. 
The results also indicate a possible approach to the determination 
of the genetic development of other factors in adult personality. 

The validity of the test at this lower age level has been shown 
to be comparable to that obtained at the adult level when conditions 
of measuring it are similar. A possible explanation of this is the 
fact that most of the items arc suitable for both age groups and that 
those few items found unsuitable for the younger ages are sufficient¬ 
ly varied so as not to invalidate the general results. 

For use at this age level, however, it will be necessary to change 
the wording of those situations which presented a language difficulty, 
as distinguished from a lack of experience of the situation. 

With these limitations, the scores obtained from this group can be 
considered as establishing new norms for the test at the high school 
age level. These data are presented in Table 5 Their use should 
facilitate the work of those who wish to use the test with groups 
such as freshman women at the time of their entry into college, etc 

While the correlation obtained between scores on this test and 
scholarship corresponds very closely to those previously obtained in 
similar studies (3, pp 139, 143), it has an additional inteiest in this 
case These results show that not only is this trait independent of 
intelligence at the adult and adolescent levels but also that intelligence 
IS apparently not one of the factors in adolescence which leads to 
the development of this trait of personality in adulthood The re¬ 
sult confirms the hypothesis of the social origin of this trait (1, p. 
120 ). 

Information is also provided by these data on the differentiation 
of the ascendant from the submissive tendency in the behavior of 
the group It is evident, e g, that the range of variability of these 
tendencies is considerably less at the adolescent level than it is at the 
adult level. This probably means that the development of adult 
attitudes does not proceed from a geneially submissive adolescent 
attitude It seems to indicate that development proceeds from an 
undifferentiated attitude to a progressive tendency in both of these 
directions. This substantiates Allport’s contention that two ten¬ 
dencies rather than one aie represented here {2, p. 121). Maturity 
apparently involves the development of both tendencies but in differ¬ 
ent propoitions and adjustment requires a submissive as well as 
an ascendant attitude. 
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A factor of considciablc interest is shown by the fact that both the 
Junior High and the 13-year chronological age group is somewhat 
more ascendant than the next higher group in each case This 
might be due merely to the fact that there are too few cases to be 
representative but it might also indicate that this school and age 
level represents a lower limit below which adult standards with re¬ 
spect to the test situations do not function. This suggests the possi- 
bilitv of research to determine the age at which standards of adult 
behavior begin to constitute a problem for the growing child. Such 
information is basic to any experimentally determined theory of the 
nature of personality. 

The results show rather clearly that there is a definite genetic 
development of this trait. It parallels the characteristics of physical 
development in many respects. There is, e g., a wide range of 
variability in the development of all age groups. There is, further¬ 
more, considerable difference m the age at which approximate adult 
levels are attained. There is also a progressive tendency toward 
adulthood corresponding to progress in chronological age and school 
advancement All of these have their counterparts in the process of 
physical development These conclusions arc based on the data in 
Tables 3 and 4 

It will be observed that the range for all ages and grades is 
essentially the same A low score of —25 is found foi both extremes 
of both grade and age. This shows that some remain relatively im¬ 
mature throughout. The high scores in these same groups also re¬ 
main essentially the same and indicate the early attainment of adult 
standards by some in the lower groups. Whether these tendencies 
have been established at the lower ages and remain the same through¬ 
out is an important question but it cannot be answered from these 
data. 

That there is a progressive development of this behavior tendency 
(or trait) seems to be established. It is evident when the data are 
tabulated for either age or school progress though more marked 
for the latter. While 50 per cent of adults make ascendant scores, 
40 per cent of high school seniors .attain that standard and only 29 
per cent of those who are 18 years old. The low correlation with 
ability indicated that this difference is not due to intelligence but 
is due, in all probability, to their contacts, interests, and general 
development. 
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The lack of comparable studies makes it necessary to exercise ex¬ 
treme caution in interpreting these results. While fairly conclusive 
in themselveSj generalizations can only be made when there are 
several comparable studies of other traits. 
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SOME PERSONALITY ADJUSTMENTS OF DEAF 
CHILDREN IN RELATION TO TWO 
DIFFERENT FACTORS* 

From the Department of Psychology, Teachers College, Columbia University 


R. PiNTNBR AND L. BrUNSCHWIG 


Deafness is a handicap which produces m general a maikcd re¬ 
striction in the environment of its victims. The multifarious sense 
impressions conveyed to us by meaningful sound are shut out from 
the experience of this group In this respect the deaf live in greater 
isolation from the rest of the world than could be achieved for any 
artificially controlled experimental population. Therefore research 
into the personality adjustments of such subjects and the relative 
influence of various environmental factors on them should be of 
particular interest. 

A Personality Inventory for Deaf Children 

In personality studies of hearing populations, self-descriptive ad¬ 
justment inventories have been of considerable value and various 
instruments are now available for the measurement of different as¬ 
pects of adjustment in children and adults. However, the character¬ 
istic language retardation of the congenitally deaf, and especially 
of deaf children, offers a serious obstade to the ready application of 
such tools of measurement to them, In order to make an objective 
study of some personality phases of pupils enrolled in residential 
schools for the deaf, an adjustment inventory was constructed that 
would be adapted more specifically to the relatively immature think¬ 
ing habits and limited knowledge of language usage in this group 
Observations of the language and behavior reactions of deaf children 
aided in determining the vocabulary of the inventory and the nature 
of the situations on which its items are brought to bear Also, suitable 
test items were adapted as far as possible from available personality 
tests standardized on elementary school pupils. 

The inventory consists of 64 items of the multiple choice type, 

*Acceptcd for piibhcDtion by Carl Murchison of the Editorial Board and 
received in the Editorial Office, January 31, 1936 
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dealing for the most part with self-reported attitudes, judgments, and 
preferences in relation to a variety of every day situations The score 
in general adjustment is based on the responses to all the items of the 
test, social adjustment comprises 29 items, school adjustment, 16 
items, and home adjustment, (5 items. Sample statements dealing 
with social adjustment, school adjustment, and home adjustment re¬ 
spectively arc shown below 

Do you like to play with other children? 

— I do not like to play with other children 
— I like to play with one or two other children 
— I like to play with many children 

Are the teachers good to you? 

Sometimes they are good to me 
— They are not good to me 
— They are very good to me 

Are you happy at home? 

— I am very happy at home 

Sometimes I am happy at home. 

— I am not happy at home 

The weighted scoring system was arrived at by application of the 
Watson adaptation of the McCalULong Method (3). The additive 
scoring weights are so arranged that responses to individual items 
indicative of very good adjustment are given a score of two, responses 
symptomatic of very poor adjustment a score of zero, and responses 
of intermediate value a score of one. As a result, high scores point 
to better adjustment than low scores More detailed data with 
respect to the construction of the test, as well ns its rcliabilitj' and 
validity, are presented elsewhere (1). Reliability coefficients ob¬ 
tained trom correlating the first and second halves of corresponding 
test areas and correcting the resulting r by the Spearman-Brown 
prophecy formula were approximately similar in size whether obtained 
from deaf or hearing groups For a population of 582 deaf cases, 
the corrected coefficients amounted to 85 in general adjustment, 
.68 in social adjustment, .74 in school adjustment, and 61 in home 
adjustment. 

The validity of the test was estimated for hearing cases on the 
basis of correlation coefficients between test areas of the Personality 
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Inventoiy for Deaf Children and the scoies from corresponding 
subtests of two personality inventories standardized on normal ele¬ 
mentary school children—Pupil Portraits and Peisonality Outlines 
Intcrcorrelations obtained from the scores of 55 hearing children of 
slightly above average mentality and in normal classes ranged from 
.26 to 65 Among the deaf, inventory scores were correlated with 
teachers’ estimates of adjustment for a group of 25 boys and 25 girls. 
Product-moment coefficients of correlation obtained from the re¬ 
sults of boys were 46 in general adjustment, .35 in social adjustment, 
68 In school adjustment, and for girls ,33 in general adjustment, 
30 in social adjustment, and .37 in school adjustment. Since teachers 
were not fatnihar with the home relationships of most of their pupils, 
latings could not be obtained in this fourth area of adjustment. 

The Problem 

In the present study the Personality Inventory for Deaf Children 
was employed to evaluate the relative influence on adjustment of two 
types of variations to which pupils of residential schools for the deaf 
are likely to be subject, le, the influence of different methods of 
instruction, including the combined, the manual, and the oral 
methods, and the effect on adjustment of having one or more other 
deaf members in the family. 

The relative merit of different methods of instruction has never 
been fully determined, although the vehemence with which contro¬ 
versies on this point were pursued in the past, frequently to the ex¬ 
clusion of many other issues of educational import, has abated some¬ 
what by now The pure oralists usually maintain that only by a 
complete emphasis on the media of communication employed by 
persons with normal hearing can the deaf child be brought to approx¬ 
imate mentally and socially the standard of his hearing brothei Ad¬ 
herents of the other side hold that the manual alphabet and signs 
may be also of value in the education of the deaf child and for the 
development of happy emotional and social adjustments 

Among those acquainted with the deaf it is frequently held that 
deaf children coming from families in which there are other deaf 
members as well are happier and emotionally better adjusted than 
children in families where they aie the only persons so handicapped 
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Comparison of Inventory Scores on Basis of Method 
OF Instruction 

The Personality Inventory for Deaf Children was administered 
to 770 boys and 560 girls in attendance at seven residential schools 
for the deaf located in Arkansas, Illinois, Indiana, Ohio, Pennsyl¬ 
vania, New York City, and Rochester, New York. At each of these 
schools from 16 to 58 per cent of the total enrollment was tested, 
the pupils being drawn from the intermediate and advanced grades. 
The chronological age range of Individual subjects extended from 
8 years to 23 years; and the mean age of pupils at the various schools 
ranged from 15 04 to 17.73 years. 

Information with respect to the methods of instruction employed 
with each subject was obtained from six of the schools But in order 
to keep the groups taught by the different methods as comparable as 
possible in other respects, the inventory scores of only those pupils 
were studied who came from schools m which two or more of the 
three methods of instruction to be considered here were in use 
This excluded the population of one purely oral school and the pupils 
of another at which a fourth method is in use. 

It was found that of the 814 cases fiom the remaining four schools, 
35 per cent were reported to be instructed by the oral method—that 
is, speech, lip reading, and writing were employed as the chief means 
of communication for educational purposes, 14 per cent were being 
taught manually, namely, for the most part through the media of 
signs, the manual alphabet, and writing The remaining 51 per cent 
were taught by the combined system, representing a combination in 
varying degrees of the ora! and manual methods It is recognized 
that there is no hard and fast demarcation among these various 
groups. Pupils reported to be instructed by the oral method at one 
school may have met with as much experience in finger spelling and 
Signs as pupils classified under the combined method at another 
school. The likelihood is that the terms "combined,” "manual,” 
and “oral” in the absence of more detailed classification vary from 
school to school 

The average personality inventory score of pupils taught by each 
of these methods together with the standard deviation and the 
number of cases are presented in Tabic 1. Orally taught pupils ob¬ 
tain higher mean scores in general adjustment and social adjustment 
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TABLE 1 

Inventory Score on the Basis of Method of Instruction 


Adjustment area Oral method Combined method Manual method 
and group N Score SDN Score SDN Score S D 


General adjust¬ 
ment 

Boys 

132 

106 02 

1228 

182 

105 85 

12 99 

80 

101 13 

13 89 

Girls 

143 

111.95 

9 91 

147 

no 22 

9 90 

30 

106.33 

13.42 

Social adjust¬ 
ment 

Boys 

132 

47 58 

6 56 

182 

46 70 

6.82 

80 

44.23 

6 48 

Girls 

143 

5015 

5 07 

147 

48 68 

5 35 

30 

47 05 

6 36 

School adjust¬ 
ment 

Boys 

132 

25 22 

4.10 

182 

25 33 

4 54 

80 

23.76 

4 60 

Girls 

143 

26.80 

3 60 

147 

26 55 

3 46 

30 

25 47 

4 68 


Home adjust¬ 


ment 


Boys 

132 

25 2+ 

3 38 

182 

25.52 

3 22 

80 

24 26 

3 71 

Girls 

143 

26 23 

3.13 

147 

26 67 

2 66 

30 

25.00 

3.60 


than pupils taught by the combined method, whereas they in turn 
slightly exceed the average score of manually taught pupils in all 
four adjustment areas. Table 2 shows the differences resulting from 


TABLE ^ 

Comparison of Personality l»vEN*roitY Score or Pupils Taught by 
THP Oral and Manual Method 


Adjustment area 
and group 



Diff 

Dill 


S 

General adjustment 

Boys 

4.89 

1 88 

2 59 

Girls 

5.62 

2 59 

217 

Social adjustment 

Boys 

3 35 

0 92 

3 64 

Girls 

3 10 

1 24 

2 50 

School adjustment 

Boys 

146 

0 62 

2 35 

Girls 

1.33 

0 91 

1.46 

Home adjustment 

Boys 

0 98 

0 51 

1 92 

Girls 

1 23 

0 71 

J 73 
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a Comparison of the adjustment scores of the oral and manual 
groups. The data include in each area the difference between the 

corresponding averages of these groups, the standard error of the 

difference, and the ratio of the difference to the respective standard 
error Differences in score throughout are In favor of the orally 

taught population, are more pronounced in the case of boys than 

girls, and are largest in both sexes in social adjustment. 

If the results are taken at face value, it appears that better adjust' 
ment scores tend to be associated with Oral rather than manual 
methods of instruction A more thorough analj'sis, however, reveals 
a possibility that differences obtained may be due to a selection of 
subjects rather than to the effects from methods of instruction, In 
most schools having more than one method of instruction, pupils who 
are less intelligent, the least promising in the eyes of their teachers, 
and the most difficult to handle, are relegated to manual classes. That 
manually taught pupils in such schools have on the average lower 
intelligence quotients than pupils in oral or combined classes and 
that their school achievement is commensurate with their more limit¬ 
ed intellectual endowment has been experimentally verified (2). 

In connection with a previous study (1) of the validity of the 
Personality Inventory for Deaf Children, high scores on the in¬ 
ventory were found to be associated not only with more favorable 
ratings of pupil adjustment by teachers but also with better ratings 
in school work For instance, of the 770 deaf boys tested, 122 were 
rated by their teachers as excellent in school work and 208 as poor. 
With a lesulting critical ratio between the mean scores of these two 
groups of 7.96 in general adjustment and 10 02 in the area of school 
adjustment Of 560 deaf girls tested, 90 were rated by their teachers 
as doing excellent school work and 131 as poor, with a resulting 
critical latro between the mean scares of the groups of 5 86 in gen¬ 
eral adjustment and 0 78 m school adjustment. Although critical 
ratios were smallei for girls than boys, the subjects of both sexes 
rated as excellent in school work obtained better adjustment scores 
than those rated poor. 

The percentage of pupils lated by their teachers as poor and ex¬ 
cellent in school work in connection with the tliree methods of in¬ 
struction IS shown in Table 3. A larger proportion of boys and 
girls taught by the manual method are rated as poor in classroom 
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TABLE 3 

Teacher's Rating of Pupils' School Achievement Classified by 
Method of Instruction 

Teachers’ rating of pupils’ school achievement 
Method of Poor Average Excellent 


instruction 

N 

Percentage 

N 

Percentage 

N 

Percentage 

Boys 

Combined 

51 

23 

126 

58 

41 

19 

Manual 

27 

39 

37 

53 

6 

8 

Oral 

26 

24 

62 

57 

20 

19 

Total 

104 

26 

22S 

57 

67 

17 

Girls 

Combined 

39 

26 

88 

60 

20 

14 

Manual 

15 

54 

12 

43 

1 

3 

Oral 

33 

23 

9S 

67 

14 

10 

Total 

87 

27 

195 

62 

35 

11 


work than pupils taught by either of the other two methods, and 
conversely a smaller percentage of manually taught pupils receive 
a rating of excellent 

Tlierefore we should expect to find on the basis of teachers' 
estimates of school achievement alone a larger number of well-ad¬ 
justed pupils among orally than manually taught pupils Moreover, 
if the oral method in and of itself were productive of better adjust¬ 
ment than other methods, then oral schools should have, other 
things being equal, higher nveiage inventory scores than combined 
schools Since data for only one purely oral school are available, the 
evidence on this point cannot be conclusive. Equally high inventory 
scores were obtained by some of the combined schools and by the 
oral school. A comparison of the pupil adjustment scores obtained 
from the one oral school with the mean adjustment scores fiom the 
four combined schools, as indicated in Table 4, shows that differ¬ 
ences between the scores of schools employing these two methods are 
less consistent than differences between groups at the combined 
schools Noi IS the presumably poorer language ability of manually 
trained pupils necessarily responsible for the lower scores. In that 
event, the average adjustment scores of manually trained girls would 
probably be below rather than equal to the average of the orally 
taught boys, and the sex difteicnces found so consistently for this 
inventory might be likewise disrupted. The conclusion therefore Is 
that manual classes may be expected to contain a slightly larger 
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TABLE 4 

Comparison of Mean Personality Inventory Score of Oral and 
C oMBiNEi) Schools 


Adjustment area _ _ . _ -- 

and group N Score S.D ® ^ di// 


General adjustment 
Boys 


Combined 

396 

10+39 

13,20 




Oral 

1S3 

106.13 

n 35 

1.73 

1 06 

163 

Girls 







Combined 

325 

110 53 

10 42 




Oral 

127 

111 98 

10,28 

145 

1 08 

U4 

Social adjustment 







Boys 







Combined 

39d 

46 61 

6 80 




Oral 

188 

46 57 

6 57 

0,04 

.59 

0 07 

Girls 







Combined 

325 

49 21 

5,61 




Oral 

School adjustment 
Boys 

Combined 

127 

+9 27 

5.54 

0.06 

66 

0.09 

396 

2514 

4 61 




Oral 

138 

25,49 

3,82 

0 35 

36 

0 97 

Girls 







Combined 

325 

26 74 

3 67 




Oral 

Home adjustment 
Boys 

Combined 

127 

26 94 

3 68 

0 20 

.39 

051 

396 

25 62 

3 47 




Oral 

188 

25 79 

3.17 

017 

,28 

0.61 

Girls 







Combined 

325 

26 67 

3,02 




Oral 

127 

26 50 

2.76 

017 

.30 

0 57 


proportion of pupils with personality difficulties, as indicated by the 
Personality Inventory for Deaf Children, than oral classes. 

Adjustment Scores on the Basis of the Amount of Deafness 
IN THE Pupil’s Family 

The Personality Inventory stores of 1263 pupils for whom in¬ 
formation with lespect to family background was available were 
tabulated and averaged for each of the following categories (n) 
pupils reported to have no deaf membcis in the family, (6) pupils 
with one or more deaf relatives on the side of cither one or both par- 
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ents, (c) pupils having one or more deaf siblings, but hearing 
parents, {d) pupils with deaf parents, and possibly with deaf rela¬ 
tives as well. The number of cases in each of these classifications, 
their average inventory score, and the standard deviation are given 
in Table 5. 

Boys and girls who have deaf members in their family obtain in 
general better scores than pupils who do not. There is an interest¬ 
ing, although not entirely consistent, tendency for highest aveiage 
adjustment scores to occur among children who have deaf relatives 
but no deaf members in their more immediate family. The general 
tendency runs as follows* the poorest adjustment scores are obtained 
by children having no deaf members m their family, scoics next 
in size by childien having one or more deaf siblings, children with 
deaf parents obtain the next best scores, and the highest adjustment 
scoies are made by pupils with'one or more deaf relatives but hear¬ 
ing parents and sibling. 

The results fiom the comparison of scores of subjects having no 
deaf members in their family with the scores of subjects having deaf 
parents are given in Table 6 For both sexes average adjustment 
scores are in favoi of the gioup with deaf parents. 

These findings on adjustment m relation to the presence of more 
than one case of deafness in a given family confirm the beliefs 
commonly held about this condition Childien from families m 
which there are also other deaf members appear to be on the average 
definitely better adjusted than children from families in which there 
are no other cases of deafness It may be that the deaf child in a 
“deaf” home is belter undeistood duimg his preschool life. He is 
not liandicapped by the absolute misunderstanding or by the mis¬ 
directed sympathy which may be the lot of the deaf child in a home 
made up entiiely of hearing individuals who have never had the 
experience of living with deaf individuals. 

In all of tlie compaiisons made, whether on the basis of method 
of instiuction or amount of deafness in the family, larger critical 
ratios are obtained for differences betwMH the scores of boys than 
gills Since this applies also to comparison of scores on the basis of 
teachers’ ratings, the chances aie that the Personality Inventory for 
Deaf Childien shows better discrimination between groups of boys 
tlian gills 
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TABLE 6 

Comparison of iNVPhJTORY Score of Sihijects Having No Other Deaf Mem¬ 
ber IN THE PaMII-Y with SCORE OF SUBJECTS HavINO DeaF PARENTS 


Adjustment area 
and group 



DifE 

Diff 



General adjustment 

Boys 

7.20 

159 

4.S3 

Girls 

3 13 

l.£S 

1.90 

Social adjustment 

Boys 

2 88 

0 64 

4.50 

Girls 

147 

0 88 

167 

School adjustment 

Boys 

192 

0 59 

3 25 

Girls 

0 59 

0.57 

1.04 

Home adjustment 

Boys 

1,39 

0 39 

3 56 

Girls 

0 43 

0,40 

1.08 


Summary 

1 In order to make an objective study of some personality ad¬ 
justments of deaf children in relation to certain factors, an adjust¬ 
ment inventory of the self-descriptive type was constructed that 
would meet the requirements of this handicapped group. Data with 
respect to the reliability and validity of the instrument tended to 
justify the use of this instrument for the measurement of group 
tendencies in the areas of general adjustment, social adjustment, 
school adjustment, and home adjustment. 

2 The personality inventory scores of 71+ pupils enrolled in 
public residential schools for the deaf were classified and averaged 
on the basis of the method by which they were being taught including 
the combined, the manual, and the oral methods. On the basis of 
inventory scores, pupils taught by the oral method tended to be 
sonrewhat better adjusted than manually taught pupils, whereas 
subjects taught by the combined system occupied an intermediate 
position Further analysis suggested that diffeiences m adjustment 
among these groups might be due to the initial selection of subjects 
for such classes rather than to the influence of a specific method of 
instruction 

3 The personality inventory scores of 1263 pupils were classified 
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and averaged with respect to amount of deafness in each subject’s 
family, With some minor exceptions, the poorest adjustment scores 
were obtained by subjects having no deaf merabeis in the family, 
scores next in size by children having one or more deaf siblings, then 
by children with deaf parents, whereas the highest adjustment scores 
were obtained by subjects with deaf relatives, but hearing parents and 
siblings This finding supports the belief commonly held by those 
acquainted with the deaf, that deaf children coming fiom families 
in which there are also other deaf members tend to be better ad¬ 
justed than cases in families where they are the only member so 
afflicted 

4 The consistently better discrimination shown by the scores of 
boys than of girls suggests that the Personality Inventory for Deaf 
Children is a more valid instrument with the former than with 
the latter 
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THE RELATIONSHIP BETWEEN BRAIN LIPIDS AND 
LEARNING ABILITY OF ALBINO RATS* ^ 

Frorit the Department of Education of Kansas Slate College of Agriculture 
and Applied Science 


O. W. Alm and C. H. Whitnah 


Our knowledge of what definite neural organs or factors account 
for variations in intelligent behavior such as learning ability is in¬ 
adequate The findings from more iniportant anatomical studies of 
the cerebral location of higher mental functions are not conclusive. 
Bolton (5) decided from his study of the brains of aments and de¬ 
ments that the highest mental processes were the functions of the 
prefiontal region of the cerebrum. But Hammerberg (11) had re¬ 
ported that cortical cell deficiency in aments existed in many different 
areas with ”no intimation of a greater deficiency in the association 
areas than in other parts of the cortex” Moreover, Franz (8) 
reported learning m monkeys after destruction of the frontal lobes 
This lack of agreement was probably only intensified by the later 
studies of Bianchi and Feuchtwanger. Bianchi (3) concluded from 
the results of cortical injury in dogs and monkeys that the highest 
correlating centers were in the frontal Jobes. But Feuchtiva/iger 
(7) found in his comparison of 200 cases of frontal lobe lesions 
with a similar number of cases of lesions in other cerebral areas no 
evidence that defects of intellect were characteristic of front.al lobe 
cases. Finally Lashley’s (15) extensive studies of the behavioral 
consequences of lesions in different cciebial areas have definitely 
challenged if not discredited the theory of localization of higher 
functions In fact, his theories of mass action and equivalence of 
function indicate, as he suggests, the necessity for a dynamic theory 
of brain action The relevant outcome, however, of these outstand¬ 
ing studies remains the same* no definite organ or factor which will 

^Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, February 24, 1936, 

^This was a cooperative study The psychological work was done by O 
W Aim, of the Department of Education The chemical analyses were 
made by C H. Whitnah as contribution No 201, Department of Chemistry, 
Kansas Agricultural Experiment Station 
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account for individual differences in higher behavioral functions 
has jet been conclusively indicated. I/ashley concludes “Tliere is as 
yet no clue to the nature of the dynamic forces in nervous activity . . . 
but their action may be electrical or electrochemical, diffuse or con¬ 
ducted through the nervous net work, continuous or inteimittent” 
(15). This conclusion suggests the possibility that these dynamic 
forces are highlv reactive chemical components. 

There are many facts and thcoiies pointing in that diiection. The 
probable importance of chemical components stands out in ceitain 
pathological conditions McQuariie, Manchester and Husted (16) 
reported that the frequency of epileptic seizures coiiclates positively 
with the magnitude of the lecithin-cholesterol latio in the blood 
According to theii findings the frequiency of seizures in epileptics 
also correlates with the intracellular hydiation of the body (very 
probably of the brain neurons) and yvitli the marked increase in the 
'Potassium-sodium elimination ratio produced by pituitary antidiuresis. 
Koch and Mann (14) reported the destiuction of jdiosphatides m 
the brain m general paialysis. Pigliini (17) reported for this dis¬ 
ease an increase in the content of water, protein and cholesterol of 
the brain with a considerable deciease of phosphatides, especially of 
unsatuiated phosphatides. Koch and Voigtlin (13) reported a marked 
decrease in cerebrosides m all paits of the cential nervous system 
under the pathological conditions brought on by pellagra 

These pathological chemical conditions of brain tissue in mental 
disease suggest a number of important facts about lipids. The irrita¬ 
bility of any tissue is, in general, proportional to its lipid content 
Nerve tissue is not only conceded to bte the most irritable tissue, but, 
according to Blooi (14) it probably has the highest lipid concentra¬ 
tion of any tissue Moreover, the phospholipids of the brain have the 
highest content of unsaturated fatty acids including arachidonic (4) 
This high content of unsaturated fatty acids may be especially sig¬ 
nificant in view of the following observations by Koch and Voigtlin 
(13): “They (the phospholipids of the neuion) occur largely in the 
cytoplasm, cell body, and its branches, wheic they may act as oxygen 
carriers, as has been suggested by the woiks of Koch and Mostrom, 
Fracnkel, and Dimitz, as well as Signoielli”, and "The large amount 
of unsaturated substances with autoxidative properties in nervous 
tissue would speak more m favor of the view that this tissue pos¬ 
sesses a considerable capacity for oxidation. This is brought out by 



0. W. ALM AND C H WHITNAH 


391 


experiments previously described, demonstrating the consumption of 
large amounts of oxygen by (the phospholipid) kephalin”. 

These facts about neural lipids may account for the increased 
consumption of oxygen and increased production of carbon dioxide by 
active nerve tissue, which has been indicated by different studies on 
nerve metabolism (9) They need not conflict with Hill’s (12) 
suggestion that the "initial heat” from nerve stimulation may be due 
to the discharge of the electiical capacity of the nerve On the im¬ 
portance of lipids for neural activity the findings by Seiejski (18), 
and Wliitnah and Cribbett (19) are also significant. Serejski found 
in the study of brain lipids m dogs that brain lipids are organ specific 
and are not replaceable by the lipids frona other organs. Whitnali 
and Cribbett found marked individual difSercnces in the biam-lipid 
content in rats. It is such findings as the foregoing that indicate, 
perhaps only vaguely in some instances, the need for a psychochemical 
study such as is reported in this manuscript. 

Animals Used 

This study began in the late summer of 1933 and continued until 
the Spring of 1935 The subjects studied were four groups of albino 
rats from pure Wistar stock. The main facts about these animals 
are presented in Table 1. 

TABLE 1 

General Facts About Animals 



Series II 

Scries 111 

Senes IV 

Secies V 

Number 

IS 

19 

35* 

41* 

Maze 

Age at beginning 
learning 

^ -h s 

S 

n 

B + C 

Maze A 

100-120 days 




Maze B 

(followed A) 

65 days 

100 days 

106 days 

Maze C 




40-45 days 

Age at time of 
chemical analysis** 

1Z5-1SQ days 

90 days 

120 days 

126 days 


*Piom the original group of 40 in Series IV, 1 bright and 2 dull ainmala 
were selected for breeding and two bright animals were spoiled in chemical 
analysis. Scries V was the first geneiation of males from both bright 
parents and both dull parents, but the five brightest from the bright parents 
and the three dullest from the dull parents were reserved foi breeding 
The distribution of the learning scores for bright and dull combined was 
fairly normal with no indication of bi-modahty In both Groups IV and 
V the range of learning scores and probably the range of the rragnittides 
of chemical fractions were restricted This may have reduced the co¬ 
efficients of correlation presented in Tables 1 and 2 considerably, 

••The age at chemical analysis for Senes III, IV, and V rarely varied 
more than three days above or below the ages given. 
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Mazhs 

Three different mazes were used m this study. They will be re¬ 
ferred to as mazes A, U, and C. Maze A was an easy maze which 
required, with a learning criteria of six successive perfect runs, 14 
trials as a median for mature male rats. Maze B was a simple but 
very hard maze which required as a reasonably certain criterion of 
learning 80 per cent perfect runs out of 20 trials. With this criterion 
the median number of tiials required of 61 mature male rats was 85. 
Both of these mazes weie really only different alley patterns set up 
in the same apparatus which, except for several improvements was 
similar to the maze apparatus reported by Alra {1) In the use of this 
apparatus most of the retracing of alleys was prevented by quiet doors 
that were closed after the animal had moved out of sight. Tracing 
other animals and stops for traces of animals previously run were 
almost completely eliminated by elevating the sides of the alleys for 
ventilation and by moving the black oil cloth floor covering to a new 
position after each run The maze was enclosed by black drapes. 
The errors and time of running for each animal were observed in an 
over-hanging mirror For 61 male animals of similar ages to tliose 
of this experiment the coefficients of correlation between the sums of 
odd and even trials for erior scores and time scores made in trials 
7-80 were -h-SO and +.85 respectively. Tiie application of Spear¬ 
man's “prophecy” formula for indicating the reliability of the total 
scores brought these coriclations to +92 and +.93 respectively. 
Maze C was an elevated maze with 12 T-shaped alleys with an alter¬ 
nation of single and double alternations of right and left tuins The 
alleys were three inches wide and had metal sides one to four inches 
high Tile bars of the T‘s wexc covered with black oil cloth strips 
that in the latter 20 trials of learning were changed after each run 
by the rotation of a roller Retracing was largely eliminated by 
dropping the hinged stems of the T's behind the animal as it moved 
through the maze The coefficients of correlation between the sums 
of odd and even trials for trials 1 to 40 for 49 male animals 40 to 45 
days of age at beginning learning was +.87 foi erroi scores and + 96 
for time scores ^ The distribution of practice per day was one tiial 
for Maze A, live for and two for C. 

“The high correlation for time scores was due to unusually high time 
scores for several animals that were consistently timid, cautious, or slightly 
fearful. The correlation would otherwise be similar to the +.87 for error 
scores 

■For animal series II the distribution of practice was three trials per day. 
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Chemical Analysts 

For brain analysis in this study the micio method of Backlin (2), 
with slight modifications was used The fractions determined by 
this method were' la, cholesterol; lb, fatty acids of unsaturatcd gal- 
actolipids; Ic, fatty acids of unsaturated phospholipids, fatty 
acids of saturated phospholipids; and II6, fatty acids of saturated 
galactolipids. 

The fractions were finally isolated in test tubes from solutions in 
petroleum ether Backlin quantitatively oxidized these fractions, 
while in this experiment they were weighed. 

Before beginning the chemical separation, considerable preparation, 
of materials was necessary. The fresh brain tissue, freed of any large 
membranes or blood vessels, was passed through ordinary glass 
syringes of 2-5 ml. capacity. These syiingcs contained at their lower 
ends discs made of copper screen cut to fit snugly inside the hollow 
syringe cylinder The material was passed through alternate syringes 
until it was a homogeneous, pasty mass, 10 passagesi sufficing For 
a single determination, 60 to 100 mg. of this pasty brain material 
were spread upon two fat-free filter paper strips measuring about 17 
X 28 mm The strips were quickly weighed to O.I mg. They were 
then placed in a vacuum desiccator and dried for an liour After 
drying, the strips were ready for the lipid separation procedure. 

The following procedure in the use of Backlin’s method for sepa¬ 
rating the various fractions was developed after considerable experi¬ 
ence The steps, which are described in Table 2, are so arranged 
that the complete separation can be effected with a minimum loss of 
time For a single determination, four ordinary test tubes 3/4” x 
6” were used, they were numbered 1, 2, 3, and 4 Four sepaiatory 
funnels, holding about 50 ml and capable of being centrifuged, were 
used, and they were numbered 1, 2, 3, and 4 

With few exceptions four samples of the brain of each animal were 
analyzed. Five lipid fractions were separated from each sample ex¬ 
cepting the samples for animal Senes V from which the satuiated 
lipids were not separated. The weight of each iipid fiactiou was 
multiplied by 100 and divided by the weig^it of the brain sample. 
The average of these percentages constituted the chemical score The 
scores tlius obtained for the several lipid fractions were then cone- 
lated with the different learning scores. Accidents during analysis 
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TABLE 2 

Procpdure for Separatcon by SACffcrN-'s Mcrnao* 

1® 

12' 


X I Extract dried strip in pelroleiim ether (Pet) 40 
min. 

T 2 Further extract atrip in boiling EtOH 60 min. 


^3* 


X 1 Evaporate extract 1 nearly to dryncaa (5 mm ) 


84,8 

aj# 

‘6* 

8^8 


IgU 

10 


Bgll 

llQU 

OjjlB 


'12 

"13” 

10J4W 

13 

15 


T 1 To residue in X 1 and 5 ml. dry EtOII plus 0.2 
m! 15% NflOH and dry on salt water bath (30 
min.) 

X 2 To extract in X 2 add 0 2 ml 15% NaOH and 
dry on salt "water bath (30 min ) 

X 1 To residue in X 1 add 3 ml 5% NaOH, shake 
well, and pour into Sep 1 Extract the T 5 min 
with 10 ml. Pet. 

T 1 Transfer Pet from T 1 to Sep 1, shake 3 mm, 
Sep 1 dram lower layer back into T 1 without break¬ 
ing salty surface, and centrifuge Sep 5 min. 

T 1 From Sep 1 pour off Pet layer into T 3 and 
X 3 evaporate on water bath nearly to dryness (5 
min.) To Sep add 2 ml 20% HsSOi and then 
^ 3 ml HtO, Shake Sep and draw off contents 
into X 1 Return Soln. to Sep and extract X 1 
5 min with 10 ml. Pet 

X 2 To residue in T 2, add 3 ml. HiO, shake well, 
Sep 2 ^ T ffrst with 2 ml 

then with 1 ml of 20%'HsOSO< and drain into 
Sep 2 Extract X 2-5 min with 10 ml Pet 
T 3 To nearly dry T 3 add 5 ml 20% PXSO^ and 
heat 30 min In water bath 
T 2 Transfer Pet from T 2 to Sep 2 , shake well 3 
min., and alternately drain and centrifuge until 
ether layer is clear and water layer is returned 
to X 2. 

Sep 1 To Sep I add Pet from X 1, shake 3 min., 
T 1 settle, draw off lower layer X 1 and pour off 
X Ic Pet layer into X Ic 

Sep 2 From Sep 2 pour off Pet layer into X Ila, Add 

X Ila 2 ml 20% HaSOi and shake Draw off liquor 

X 2 into X 2 and heat 30 min on boiling water bath 
X 3 Cool X 3, transfer contents to Sep 3, treat with 

Sep 3 6 5 ml 25% NaOH and cool Extract T 10 min 

With 10 ml. Pet. 

T 2 Cool X 2, transfer contents to Sep 2 Extract T 
Sep 2 5 min with 10 ml, Pet, and transfer Pet to Sep 
T lib 2 Shake 3 min., settle, draw off lower layer 
into X 2, and pour Pet into X Ilb 
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TABLE 2 {conlmued) 


17 

T 

3 

Transfer Pet from T 2 to Sep 3, shake 3 min,, 

14 IS 

T 

2 

draw off lower layer into T 3, settle or centn- 

16 

Sep 

3 

foge Pet layer, pour off into T 4, and evaporate 
nearly to drynesa Wash Sep 3 with 2 ml 20% 
HaSO*, draw off into T 3, return to Sep and 
then extract T 3 5 nun. with 10 ml Pet 


T 

4 

16 19 

T 

4 

Treat residue in T 4 with 1 ml. 20% HjSOi plus 

17 

Sep 

4 

3 ml, HtO, warm 3-4 rain m water bath, trans¬ 
fer to Sep 4 and extract the T S min with 10 

16 

T 

3 

ml. Pet 

18 

Sep 

3 

Transfer Pet from T 3 to Sep 3, shake 3 min. 

— 

T 

Ib 

draw off lower layer, and pour Pet layer into 

17 

T 

4 

T IIj 

19 

Sep 

4 

Transfer Pet from T 4 to Sep 4, shake 3 mm, 


T 

la 

draw off lower layer, and pour Pet layer into 
T lo. 


*The column of underlined ftgui'ea numbers the steps of the procedure 
The column immediately to the right of this column indicates the steps to 
which the material goes next The column at the extreme left indicates the 
steps from which the material comes The column at the extreme right 
indicates the marked glassware used 
Pet=petrolcum ether 
T=test tube 

EtOH—absolute ethyl alcohol 
Sep=9eparatory funnel 

made the number of chemical scores slightly less than the number of 
learning scores 


Results 

The mam finding from this investigation was a uniformly negative 
correlation between learning scores and the scores for unsaturated 
lipids as indicated m Tables 3 and 4 But since the larger the time 
and error scores the poorer the learning ability of the animal, these 
data show a positive relationship between learning ability and the 
scores for unsaturated 1/pids. 

Thie correlations in Tables 3 and 4 indicate other possible ten¬ 
dencies and relationships that may be important. In the first place 
there is probably a more persistent relationship between learning 
scores and the scores for unsaturated phospholipids than between the 
same learning scores and the scores for unsaturated galactolipids 
This may be indicated by tJie low correlations between learning scores 
and the scones for unsaturated galactolipids for Senes IV. The pro- 
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TABLE 3 

CORFFfCirNTS OF CoHRBLATJON BcTWCBN LjpJD SCOJIFS AWD LbAKNINO SCORBS 



Unsaturated 

phospholipids 

Unsaturated 

galactolipids 

Saturated 

lipids* 

Chol¬ 

esterol 

Series IP* 

Total distance 

— 235 

— 373 

+ 262 

+ 761 

Total time 

— 119 

— 320 

— 062 

+ .757 

Total trials 

—.234 

— 427 

•f 330 

+ .762 

N= 

IS 

14 

14 

15 

Series III 

Errors 

Trials 7-C*** 

—.318 

—.171 

+ 354 

+ 084 

Trials 7-80 

— 314 

— 393 

+ 176 

+ 037 

Time 

Trials 7-C 

—.328 

— 483 

— 073 

— 029 

Trials 7-80 

— 277 

— 551 

— 143 

+ 012 

Trials 2-80 

— 318 

— 584 

— 200 

—.101 

Time—Distance 

Trials 7-80 

— 217 

— 534 

— 430 

— 045 


19 

19 

19 

19 

Senes IV 

Errors 

Trials 7-C 

— 053 

— 088 

—.199 

+.074 

Trials 7-80 

— 113 

—.096 

— 266 

+ 078 

Time 

Trials 7-C 

— 281 

—.125 

—.233 

— 012 

Trials 7-80 

—.381 

— 101 

—.205 

—.029 

Trials 2-80 

— 326 

— 186 

— 096 

—.086 

Time—Distance 

Trials 7-80 

— 381 

— 065 

— 071 

— 088 

N= 

34 

27 

31 

33 


*The score for saturated hpids is the sum of the scores for saturated 
galactolipids and saturated phospholipids, 

**Scores for Series II are sums of scores for learning in maze A and 
maze B 

***Trial9 7-C means from trial 7 to complete learning (16 perfect trials 
out of 20). 

nounced drop in the correlations could be due to the greater quanti¬ 
tative of food stinting of senes IV previous to and during learning'* 
There is, ho'wever, another possible explanation for this fluctuation 
of the correlations between the scores for learning and for galacto¬ 
lipids 

The scores for unsaturated, galactolipids could not be so precisely 
determined They were only about oine-eighth as large as the scores 


*This was done in feeding Senes IV to make certain that food incentive 
would not at any time be lacking. 
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TABLE 4 

C0ErFIC!ENT8 OT CORRELATION BETWEEN LiPIO SC0RE8 AND LbARNINO ScOREa, 

Series V 



Unsaturated 

Unsaturated 

Choi- 


phospholipids 

galactolipids 

esterol 

Maze C 




(Trials 1-40) 




Errors 

— I4I 

— 212 

— 178 

Time 

—.307 

—.088 

4-255 

Maze B 
(Trials 1-60) 




Errors 

— 394 

— 184 

+ 127 

Time 

— 511 

— 262 

-b 352 

Combined scores 
Mazes C and B* 




Errors 

—.278 

— 240 

4-088 

Time 

— 428 

— 192 

4- 326 

N= 

40 

37 

39 

•The numerical 

values of the scores for the 

two mazes were 

rendered 


roughly similar The error scores for the two mazes were similar in magni¬ 
tude The time scores were made roughly similar before combining by 
weighting the scores for maze C and maze B Vs and 1 respectively Other 
weightings might have yielded combined scores showing higher or lower 
relationships with brain lipids. 

for phospholipids. Their determination was therefore less precise. 

The correlations in Table 3 indicate, in the second place, no 
certain relationship between learning scores and the sums of the 
scores for saturated lipids. The sums of these scores were used be¬ 
cause Backlin’s method was found very unsatisfactory for separating 
saturated lipids. But even the sums of the scores for saturated lipids 
did not correlate consistently with learning scores This may mean 
that there is little or no relationship between saturated lipids and 
learning ability. However, the data on saturated lipids are incon¬ 
clusive. 

In the third place there seems to be, as indicated m Table 3, a very 
possible negative relationship between learning ability and cholesterol 
This IS evident from the correlations for animal Series II and V and 
js not materially contradicted by the correlations from animal senes 
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n and IV On the other hand, since both the scores for unsaturated 
galactolipids and unsatuiated phospholipids correlate fairly consist¬ 
ently with learning, it is surprising to find as may be observed in 
Table 7 that scores for cholesterol correlate positively with scores for 
unsaturated galactolipids but negatively with scores for unsaturated 
phospholipids. This possible inconsistency leaves the data not al¬ 
together clear as to what is the relationship between learning ability 
and cholesterol 

While these lattei findings are on the whole inconclusive or not 
altogether clear, the mam finding is probably more significant than 
the low but persistent correlations taken alone really indicate. 

Using the formula P.E =.674 (1-— 

j/n 

most of the coefficients of correlation in Tables 3 and 4 are not 
four times their probable errors and theiefore arc not statistically 
significant for each of the N*s given for the several series of 
animals. Correlations of about ±.48 and over for Series III, 
of about ±.40 and over for Series IV, and of about dc.38 and 
over for Series V arc at least four times their probable errors. 
In view of the inconsistency of the coefficients of correlation for 
saturated lipids and cholesterol their probable errors would be 
largely meaningless. Por unsaturated phospholipids and unsaturated 
galactolipids, however, the general trend of the magnitude of the 
coefficients of correlation, and the fact that they are consistently 
negative should indicate a much higher reliability for the different 
coefficients than would be indicated by the probable errors. More¬ 
over, in spite of somewhat different experimental conditions for the 
four series of animals, the general trend of the coefficients of 
correlation persisted For an N equal to the sum of the N's for the 
four series of animals for either of the unsaturated lipids, coefficients 
of correlation of about ± 25 would be statistically significant. And 
It is believed that a general trend of the coefficients of correlation 
of ■— 25 or above would be fairly reliable statistically. At least, it 
seems unlikely that the coefficients of correlation for all of the animals 
taken as one series would be lower than the general trend of those 
obtained. There is no known spurious factor which could account 
for the positive relationship between learning ability and unsaturated 
lipids. However, the fact that the correlations between time scores 
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for learning and the scores for unsaturated lipids tend to be higher 
than the correlations between error scores and scores for these lipids 
pointed toward the nutritional status of the animals as a very possible 
common factor. Of this factor the best available measure was body 
weight at the time of chemical analysis which means that age was 
held constant. In this connection it should be noted that the differ¬ 
ent animals in Series IV and V were fed m individual cages for 
several days before and during the whole time of maze learning 
exactly the same feed by weight and quality each day. With this 
feeding method the consistency of performance in the maze from 
day to day appeared better than for animals under group feeding 
Nevertheless, time scores correlate higher than error scores with 
the scores for unsaturated lipids. Tables 5 and 6 may indicate the 


TABLE 5 

Coefficients of Correlation Between Body Weight and Learning Scores 



Senes 


Series 

Series 

Series 


11 


III 

IV 

V 

Total 


Errors 



Maze C 

Distance** 

+ 146 

Trials 7-C 

-h.240 

+ 1S8 

(Trials 1-40) 

Total 


Trials 7-80 

+ 156 

+ .142 

Errors —141 

Time* 

— 018 

Time 



Time —268 

Trials* 

+ 165 

Trials 7-C 

-1*.240 

—.083 

Maze D 



Trials 7-80 

+ 344 

—.198 

(Trials 1-60) 



Trials 2-80 

+ 529 

—.267 

Errors —108 



Time*^Diatance 



Time —3l9 



Trials 7-80 

-1- 409 

— 246 

Combined 






scores 

Mazes C 
and B** 

Errors — 135 
Time —359 

N= 

15 


19 

' 35 

40 


^Scores m II are sums of scores for learning in maze A and maze B 
**See footnote for Table 4 


significance of the higher correlations for time scores than for error 
scores. The considerable positive correlations between learning scores 
and body weight as shown m Table 5 for animal Series III would be 
especially disturbing except for the prevailingly negative correlation 
for Senes IV and V.® Table 6 shows, moreover, an almost uniformly 

T'he cause for this disagreement is not clear The group feeding of 
Series III and individual feeding for Senes IV and V may account for 
the difference 
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TABLE 6 


CorrriciENT 

OP Correlation 

Between Scores for 
Weight 

Brain Lipids 

AND Body 

Animal 

Unsaturatecl 

Unsaturated 

Saturated 

Choles¬ 

series 

galaclolipids 

phospholipids 

lipids* 

terol 

II 

— 288 

— 246 

-I-.318 

-t-.492 

N 

14 

15 

14 

IS 

III 

—.031 

— 119 

—.086 

— 038 

N 

19 

19 

19 

19 

IV 

— 275 

+ 135 

— 042 

— 084 

N 

27 

34 

33 

31 

V 

•f 055 

— 033 


— 01? 

N 

37 

40 


39 


*See footaote ** foi Table 3 


low negative relationship between body weight (at analysis) and 
lipid scoies. Now if the weight factor as evidenced by these cor¬ 
relations in Tables 5 and 6 were held constant or paitialed out by the 
method of paitial-correlation, the correlations between learning scores 
and lipid scores, ns indicated in Tables 3 and 4 would not in any case 
be reduced more than 02 or .03. Such changes are negligible The 
differences in the nutritional status of the animals as indicated by 
differences in body weight were very probably unimportant factors 
in the correlations obtained. 

In evaluating still further the main finding of this study, it should 
be observed that a high relationship between any one chemical com¬ 
ponent of brain tissue and learning ability would be very improbable. 
The multiple correlation foi tlie two unsaturated lipids may have 


TABLE 7 

CoBmcicNTS OF Correlation Between Different Lipid Scores 



Senes 

II 

Senes 

III 

Series 

IV 

Series 

V 

Unsaturated phospholipids versus 
unsatiirated galactolipida 

N= 

+ .293 

14 

+.075 

19 

+ 443 

26 

+ 222 
37 

Unsaturnted phospholipids versus 
cholesterol 

N= 

+ .031 

15 

— 002 

19 

—.253 

30 

—.287 

39 

Unsaturated galactolipids versus 
cholesterol 

— 357 

14 

+ 202 

19 

+ 086 

27 

+ 317 
37 
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some significance. The correlations between different lipid scores as 
presented in Table 7 show a fairly consistent positive relationship 
between the scores for the two unsaturated lipids The correlation 
of -(- 222 for animal Senes V is probably most dependable because 
of the larger N and the better experimental controls that were ob¬ 
tained for that animal senes. When these two lipid scores are taken 
as independent variables and learning ability for Maze B with number 
of trials constant is taken as the dependent variable the multiple cor¬ 
relation, Ri(23)j IS + 532 for learning ability measured in terms of 
learning time, and +.402 for learning ability measured in terms of 
errors. The formula used was 


R 


X(2 




gl S3 
gl* 


The results obtained indicate m this case how learning ability was 
affected by the combined influence of unsaturated galactolipids and 
unsaturated phospholipids 


Conclusions 

The data seem to warrant the following conclusions. 

1. The acids of unsaturated galactolipids and unsaturated phos¬ 
pholipids are important brain factors in learning ability. The re* 
lationship between the acids of these lipids and learning ability is 
probably higher than the coefficients of correlation indicate even 
though body weight may have been m some cases a slightly spurious 
common factor. 

2. For animal Series V the multiple correlation of the scores for 
unsaturated lipids taken as independent variables is + 532 for the 
dependent variable learning ability as measured by learning time, 
and +.402 for the dependent variable learning ability as measured 
by learning errors, with number of trials and age constant. 

3. The fatty acids of unsaturated phospholipids may have a more 
persistent or uniform positive relationship to learning ability than 
the fatty acids of unsaturated galactolipids Further investigation 
IS indicated. 

4 Nothing conclusive can be inferred about the relationship be¬ 
tween saturated lipids and learning ability. Backlin’s method of 
separating saturated lipids is too unreliable to indicate any relation¬ 
ship consistently 
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5. A negative relationship between cholesterol and learning ability 
seems probable. However, this may depend upon which of the 
unsnturated lipid fractions relative to its average score, predominates. 
Cholesterol correlates negatively with the acids of unsaturated phos¬ 
pholipids, but positively with the acids of unsaturated galactolipids. 

6. If brain lipids are organ specific, as Serejski claims, if they 
vary w^idely among different individuals as this study and a previous 
study indicate, and if they arc necessary fox the oxygen metabolism, 
or for some other activity, very essential to the behavioral functions 
of neurons, then the persistance of a positive relationship between un- 
saturated lipids and learning ability is especially significant. This 
relationship indicates that the acids of unsaturated lipids are probably 
definite neural factors in higher behavior functions the determination 
of which may be investigated from different modes of approach such 
as hereditary, nutritional, and physiological. But much careful ex¬ 
perimentation with large numbers of animals, possibly of different 
species is necessary to determine the existing relationships conclusive¬ 
ly Much experimentation of a cooperative nature between phy¬ 
siological chemistry and psychology seems worthwhile. 
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liRATN POTENTIALS FROM THE RAT^^ 

I'loiii the Psyc/iopal/iir Ilnspual, loiua City 


Li'r Edward I'r-wjs and Roni'R’i L Mii-isen 


T\pes or W/iTTS 

Witli the same plaLcinent of elcctioclos we liave hecn .ihlc to secuic 
thice types ot waves (riij'thmic electiical po(cntials) fiom the Inam 
of an unanestlictized lat (Figvne 1) Because of then cliaiacteiistic 
appeaiance we have iianiCLl them as follows {a) Random (Fikuic 
\J) Tlicse aie uiesulai waves associated with conditions of alcit- 
ness of the nmmal Thej' piescnt a vaiiahle fiequenc) of aiound 40 
pci sec and an intensity aioiintl 40 miciovoUs OcLasionally (sec 
jattci pajt of iccojd) Jai^^ei and slower waves (10 pei sec) can 
be made out m lecoids of these random waves (i) Bursts (Figuie 
17?) These .iic legulai waves rissociated witli conditions of lela'^- 
ation of the animal A waim loom, satiation fiom feeding, and 
fatigue aie conducive to then appcniancc They pieseiit a relatively 
constant fieqiicncv of 7 pci sec and an iiitcnsitv aunind 350 micio- 
volts (r) Extended (Figuie 16’) 'riicsc aic ugulai waves associated 
with the Iniists They picsent a lel.itivcly constant ficquency aiound 
3 to 4 pci sec and an intensity aiouiid 175 miciovolts The landom 
waves occui tlie most, and the extended, tiic least fiequently 

Undei cthei anesthesia the i.it gave lathci consistently the type 
of icgulai, slow waves piesented in Figuic 2 They weie aiound 
2 to 3 pel sec, m fiequencv and 100 miciovolts in intensity 


^Acceplcd foi public,ition liv Cai! Muichison of tlie Ticlitoiial Boaid and 
I cccivcd in the Editoual Ofhee, Maich 18, 1936 

^Thc amplihei was one of those dcscnlitd in a pievioiis coiniiuinication 
(4) except that htie we did not use a pie.iinplifiei The elcctiodes weie 
two silvei wiies, Range 16 B ^ S, slightly (fattened at one end The 
flattened ends lested on eitlici the skull oi the biain and weie held fiimly 
in place by means of dental cement Oui common clcctiode anangement 
was to have one wiie ovei the visual ami the othei ovei the motor area 
of the same hemispheic Wc found no sigiuhcant diffcienccs in hiain po¬ 
tentials foi dilfcicnt placements of iht electuules (one clecliodc attached 
to cai, the otlici ovei visual oi ndotot aitn ni one ovli visual and the 
other ovei inotoi aic.i), oi between those waves obtained with the clectiodcs 
icsliiig diitcdv on the biam and those with the clcctiodcs lesling on the 
sUjP 
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FIGURE I 

T\i'is()i EiLLnutA] Poi I UTiAi s FROM nil Brain 01 \n Un \NisruMi 7 i o R\t 
A^random >vav<.'<, C^etteiidod \va\cs in Uiost and «;»!)- 

sequent iccoids tiine=l/25 •«jc 
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FIGURE 2 

Rh,^\in Wvves from v R\t Undfr Ether Anfsthisj\ 


Latfncies 

Neitlici rnovemcnt not any kinJ of stimulation wc used iiad any 
appieciablc oftect on the landom waves Movement gcneially oblitci- 
ated the buists and extended waves One lal, hovvcvci, gave the 
buists while he was sciatclung and cleaning Iiimself as well as 
wlien lie was quiet A stiong light (100 watt mazda bulb), a puie 
tone {3500 eye, 60 db ), and a shout (70 db ) weie lelativel}' in¬ 
effectual in obliteiating the buists Occasionally any of these stim¬ 
uli would pioduce what appealed to be a tiiie latency of aiound 0 20 
sec. A latency was consideicd as the length of time elapsing between 
the appcai.iiice of the stimulus and the niaikcd depicssion oi obli- 


4 \-'^ 


' / / 

' ^f 


FIGURE 3 

RicoKi) 01 Brain Wavi lAriNtv 

Tilt nnitntion “sqtie.?!” itcoidcd at bottom This Jateutv it<id < 1 ' U 20 set 
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teiation of the biiist<» The one stimulus that we found effective 
in depiessing tlie waves in the binsts w.as an imilation of a lat's 
squeal In ovei 50 pei cent of the tiials this stimulus gave us ob¬ 
jective iccouls such as tiiat piesented in Figuic 3 The following 
chaiacteiistics of lecoicK made them umeadablc foi latencies' the 
w.ivcs weic lediiced oi disnppcaicd veiy giadually, they were not 
affected , and thev wctc absent at the instant of giving the imitation 
“squeal " 

We seemed 48 objective iccoids, in all, of latency fioin 6 lats 
Tbe mean latency was 020 sec and the lange, 0 08 to 0 48 sec 
The stand-ltd deviation of the distiibution was 0.0943 see These 
latency values do not diftei much horn those icpoitcd on human sub¬ 
jects foi light by Ilcigei (1), Taspci (2), Loomis, Harvey and 
Hobait (3), and Ti.ivis, Knott and Giiffith (4). 

Summary 

We obt.wucd tlucc types of \saves fionci an unancsthctvzcd lat, 
(i?) Rondom Inegular waves with a ficquencv of 40 pci sec and 
an intensity of 40 miciovolts, associated with conditions of alertness 
of the animal {b) Binsts Rcgulai waves witli a fiequency of 7 per 
sec and an intensity of 350 miciovolts, associated witli conditions of 
lelax.ition of tlie animal (t') Extended Regulai waves with a fie¬ 
quency of 3 to 4- per sec and an intensity of 175 miciovolts, associated 
with the buists 

Tbe landom waves occuried the most, and the extended, the least 
ficquentlv Undei ethei anesthesia the i.it gave legulai, slow waves 
with a frequency of 2 to 3 per sec and an intensity of 100 micro¬ 
volts. 

An imitation of a lat’s “squeal” obliterated tbe buists in 0 20 
sec Otliei Icinds ot stimulation (light, oscillatoi tone, and human 
voice) were relatively ineffectual in affecting the hursts 
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THE VOCATIONAL PREFERENCES OF SCHOOL 
CHILDREN* 


From the Dejtarimeni of Psychology of George Peabody College 
for Teachers 


Paul L. Boynton 


This study was made with school children in grades one to six, 
inclusive. Out of approximately 1640 record blanks 1561 were 
sufficiently legible, understandable and complete to justify the con¬ 
sideration of their results Of this group, 796 were girls and 765 
were boys The age ranges were from five to sixteen, inclusive. 
These children lived in two urban communities in Tennessee, one of 
which IS an industrial center, an urban community in Kentucky, a 
large consolidated rural school district in South Carolina, and two 
small communities in Mississippi and Oklahoma No school partici¬ 
pated unless the administrative officer was sufficiently interested m 
the problem to,assist actively in the accumulation of the data 

In general the method employed should be called the questionnaire 
method. Each child who participated was presented the following 
question. 

When you get old enough to leave home and make a living 
for yourself, what kind of work do you want to do? For ex¬ 
ample, you might want to be a carpenter, a school teacher, get 
married and keep house, be a farmer, be a doctor, run a 
boarding house, work in a beauty parlor, or just any one of a 
whole lot of things Put down the ONE thing you would rather 
do than anything else when you get old enough to make your 
own living 

With the exception of one of the small schools, all responses made 
by children in the first three giades came as a result of face-to-face 
questioning, or direct peisonal interview Above this level the child¬ 
ren were permitted to answer the question by themselves at their 
own desks Just as in the fiist instance where the cooperating teach- 
ters were instructed not to lead the childien in their clioices, so in 
the latter they weie told to render any assistance needed by way of 

’’Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, March 31, 1936 
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explanation or making clear to each child that which was wanted. 
To be sure, questionnaire procedures are not impervious to criticism. 
At the same tune, no more objective way of determining these choices 
was apparent. Again, it is recognized that some of the choices ex¬ 
pressed were the whimsical impulses of the moment and that as a 
result the reliability of the questionnaire is reducq'd. It is not ap¬ 
parent, however, as to just how this difficulty could have been obvi¬ 
ated by any other technique In other words, if the data were worthy 
of collecting at all it appeared that the procedures followed were as 
justifiable and trustworthy as any which might have been selected. 

In addition to his vocational preference each child was requested 
to answer certain questions about the economic conditions of his 
home. It would have been well if some standardized rating scale 
could have been used. Since this was not practical at the time, this 
unstandardized procedure was followed. Subjective evaluations were 
worked out for the various responses The information sought, to¬ 
gether with the score values assigned to the responses are presented 
in Table 1. 


TABLE I 


Information 

Score value 

Either parent working regularly 

5 

Professional work 

4 

Semi'professiona! work 

3 

Skilled work 

2 

Semi-skilled work 

1 

Average of 1 room per person in home 

2 

Average .5 to 99 rooms per person in home 

1 

Radio m home 

1 

Electric refrigerator 

1 

Furnace oi steam heat in home 

1 

Regular servant in home 

1 

Automobile owned by parents 

1 

Total number points possible 

17 


Each paper was scored m accordance with this scheme The 
economic score which was obtained certainly was not a perfect meas¬ 
ure of the economic status of each home. It appeared, however, 
that It possessed unquestionable practical value in giving a rough 
idea of the general economic nature of the cluld’s home backgiound. 
In considering these questions it is well to remember that no child 
was requested to sign his name to his paper 
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In Tables 2 and 3 one finds a summary of the results for each 
age, from six to sixteen, for each sex Let us consider these tables 
separately at first, and accordingly give first attention to Table 2, 
which is for giils The most striking feature in this table is the 
frequency of pedagogical ambitions Thirty-five per cent of the 
girls, or, roughly, one out of every three, preferred teaching to any 
other occupation Furthermore, this prefeience did not result from 
soma peculiar unimodality of a limited age range. To the contrary, 
within the age range of six to thirteen years, where the cases prob¬ 
ably are sufficiently numerous to justify some general conclusions, 
teaching was the prefened profession of each age group. 

Four different occupations dominate the ontire field of girls' voca¬ 
tional interests or preferences Teaching has been mentioned. The 
other three are; getting married and keeping house, nursing, and 
work in a beauty parlor. Together they include 75 per cent of all 
the choices, or three out of every four girls are most interested m 
following one of these four occupational channels. 

Getting married and keeping house is the only one of these four 
pursuits which shows any noticeable relationship with maturity 
Even here the decline of expressed preference in this connection with 
greater maturity is not consistent even svithin the age range of six 
to twelve years where the numbers are the gieatest There is, how¬ 
ever, some rather definite tendency for the older girls to express this 
preference less frequently. As to the cause of this, we can only 
speculate It may be, of course, that there is an increasing embar¬ 
rassment connected with the open statement of this ambition as the 
girls draw closer to the period of eligibility It may be that in¬ 
creases in maturity are accompanied by a broadening of interests and 
hence a reduction of this elemental urge. The evidence in support 
of this hypothesis certainly is not conclusive. Thus, beginning at 
year six and continuing through year thirteen, the numbfer of voca¬ 
tions mentioned by as many as ten per cent of the girls in each 
successive age group are. 3, 4, 4, 4, 4, 4, 4, and 5 The number 
mentioned by as many as five pei cent of the girls are, 5, 6, 5, 4, 
5, 7, 6, and 6 A still further interpretive approach is that the stat¬ 
ing of the pieference in question should be interpreted to mean that 
these girls actually did not want to enter upon an occupational 
career, but to the contrary, prefeired to let their prospective husbands 
assume formal vocational duties. From this point of view these 129 
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expressed choices would be taken as a negative rather than a positive 
expression II this latter hypothesis is correct, then the diminution 
of expressed preferences for matrimony may be taken as a key to the 
actual awakening of specific vocational inteiests. 

One other matter should be considered in connection with the 
point in question It may be argued, and with some justice, that 
the children should not have been permitted to list matrimony. 
According to this idea it would be assuirted that the vast majority 
of the chddren had this as a fundamental desire and the inclusion 
of it in this list tended to confuse emotional, biological, and voca¬ 
tional ambitions The point was considered befoie the responses were 
solicited but no action with respect to It was taken due to the fact 
that the investigator was prone to subscribe to the previously mfen- 
tioned hypothesis of this being jin expression of a non-vociitional 
interest, oi at least a non-specific vocational interest. 

In the mam, the same general conclusions as regards girls’ 
vocational preferences arc reached whether these piefercnceg are dis¬ 
tributed according to the chronological oi the educational maturity 
of the groups. Probably the most noticeable change in tliis respect 
relates to the point of getting married and keeping house. In Table 
4- It will be seen that though there is a noticeable decline m the ex¬ 
pression of this interest at around the fourth grade, theic appears 
to be some tendency for the interest to be kindled in the later grades 
In general, though, there is a distinct lack of evidence of a pro¬ 
gressive increase or diminution of mtjcrcst m any particular type 
of occupational activity. We see this portrayed in Table 7 if at¬ 
tention is centered on the medians for each age group from yeai six 
to year thirteen, inclusive Again do we see it in Tables 5 and 6. 
In the first, one might see evidence of a slight tendency toward a 
greater professional and a smaller manual labor interest with added 
maturity It must be recognized, though, that the changes in pei- 
centage are small at all points which involve any appreciable number 
of children, and, even more important, these tendencies do not ex¬ 
press themselves consistently throughout the age range. Table 6 
presents an even greater hiatus, it btelng impossible to obtain any 
Idea of the consistent development of vocational interests fiom one 
educational maturity level to another 

When attention is turned to an analysis of the boys’ responses, 
Tve note quite early a wider range of vocational interest than was 
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TABLE 4 


Percentage of Vocational Preferences Made by Each Sex in Each Grade 


Vocations 

Sex 

1 

Grades 
2 3 

4 

S 

6 


B 

3 

2 

3 

5 

2 

1 

Teacher 

G 

39 

39 

46 

42 

28 

27 


B 

1 

1 

2 

1 

3 

2 

Lawyer 

G 








B 

S 

7 

13 

11 

7 

7 

Doctor 

G 

2 





2 


B 

2S 

16 

17 

2 

22 

13 

Farmer 

G 

1 

1 




1 


B 

5 

6 

3 

2 

6 

4 

Clerk 

G 

2 

4 

4 

1 

2 

1 


B 

1 

3 

3 

1 


2 

Salesman 

G 








B 

19 

16 

8 

4 

1 

2 

Mill or plant worker 

G 

IS 

12 

1 

2 

3 

1 


B 


1 

2 

2 

2 


Preacher or Missionary 

G 




1 


1 


B 

3 

4 

7 

11 

17 

18 

Pilot 

G 






1 


B 

1 


1 

S 

2 

6 

Sailor or soldier 

G 








B 




2 

1 

2 

Movie actor 

G 


1 


5 

5 

1 


B 

4 

6 

6 

5 

4 

5 

Carpenter 

G 








B 

2 

2 

2 

1 

1 

1 

Merchant 

G 








B 







Nurse 

G 

8 

14 

8 

11 

17 

17 


B 

3 

1 

5 

6 

4 

2 

Keep house — get married 

G 

21 

17 

21 

10 

12 

17 


B 

1 



2 


1 

Beauty parlor worker 

G 

7 

8 

11 

16 

13 

10 

Stenographei 

G 

1 

1 

1 

3 

5 

10 


B 

1 

1 


1 


2 

Office worker 

G 

2 

1 

1 

1 

S 

3 


B 

1 


1 

2 

4 


Business executive 

G 








B 

6 

6 

6 

1 

4 

7 

Rail woiker 

G 








B 

8 

11 

5 

4 

3 

5 

Government employee 

G 








B 

3 

2 

1 

2 


1 

Mechanic 

G 








B 


4 

1 

2 

2 


Ball player 

n 








B 


1 

3 

1 


2 

Electrician 

G 




1 




B 


1 

1 



I 

Musician 

Cr 

1 

1 

2 

1 

9 

5 


B 

3 

4 

1 

4 

2 

5 

Chauffeur 

G 
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TABLE 5 


rPR.C7NTAGP OP GWLS OF EacH AcC WhO EXPRBSSED OCCUPATIONAL PrfFER- 
PMCEs Falling in Extreme Vocational Groups 


Age 

Groups 4- and 5 

Groups 1 and 2 

6 

38 

49 

7 

38 

33 

e 

4< 

39 

9 

4« 

34 

10 

43 

36 

11 

47 

39 

12 

35 

28 

13 

41 

3S 


TABLE 6 


PBRCENIAGB OF GiRLS IN EACH GRADE WhO EXPRESSED OCCUPATIONAL PREFER- 

engbs Faliino in Extreme Vocational Groups 


Grade 

Groups + and 5 

Groups 1 and 2 

1 

41 

45 

2 

57 

38 

3 

47 

34 

4 

48 

36 

5 

41 

38 

6 

43 

33 


seen among the girls’ replies. Twenty-three different occupational 
groups WLth a frequency of five or more were listed hy boys This 
is to be compared with 13 occupations mentioned with a frequency 
of five or more by girls The greater heterogeneity of boys’ interests 
is seen in a stili different way if one notes the number of miscellane¬ 
ous answers. Quite arbitrarily it was decided to group all choices 
as miscellaneous if they did not appear as often as eight times in the 
combined boy and girl gioups.' Only 12 of the girls* responses, or 
015 of the -entire group, were sufficiently random to be classified as 
miscellaneous. Despite 24 specific headings, as contrasted with 16 
m the girls’ table, 70, or .092, of the boys’ responses Irad to be 
classified as miscellaneous. Furthermore, whereas three-fourths of 
the girls chose one of four vocational pursuits, the same percentage 
of boys chose some one of eleven pursuits. It appears quite evident 


^he cxccplion to this is foreman^ It was presented specifically even 
though only four children indicated it This was done to enable the readers 
to make a direct comparison with the simple mill or plant worker preference 
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that there was a much greater diversity of vocational interests among 
boys than among girls 

There are several rather piomment diiierences between the two 
groups with respect to their inteiest in certain specific occupations 
Thus, thougli 35 per cent of the girls preferred teaching, only two 
per cent of boys preferred this work. The percentage differences of 
33 is almost 23 times its standard ciror and hence hardly to be 
considered the result of chance factors The other three most impor¬ 
tant vocations as designated by girls, did not appear among the boys' 
selections.^ In turn, though 18 per cent of the boys expressed the 
desire to be farmers, only about 004 of the girls were comparably 
interested. About six per cent of the girls and nine per cent of the 
boys wanted to do mill or plant work. This difference is only about 
two and a fourth times its standard error and hence of doubtful 
significance. Also, the difference in desiie to do cleiical work in an 
office IS too small to be significant 

Though neither sex group expressed any tremendous interest m 
government work, e.g, post office worker, government agent, etc., 
the difference of some four per cent is appi oximately four and one 
half times its standard error and appears to indicate that one might 
be reasonably certain for boys to evince a greatci interest m woik of 
this type than is evinced by girls, assuming that the groups aie selec¬ 
ted in a mannei comparable to those involved in this analysis. The 
boys also aie significantly more interested in medicine as a profession. 
Also, the occupations of aviator, or pilot, carpenter, railway worker, 
and chauffeui, which aie the remaining most frequently chosen pro¬ 
fessions mentioned by boys, do not appear at all on the girls’ list. 

As with girls, so with boys, theie does not appear to be any paiti- 
culaily significant development oi consistent modification of inteiests 
from year to year. Thus in Table 7 it will be noticed that theie is 
no consistent inciease or decrease of median occupational scores foi 
the boys’ group as a whole. Within the age limits of six to twelve, 
where the cases are most numerous, the greatest manifestation of 
interest in the higher vocational groups appears to be at year eight 


*The keeping house-getting married classification found in the boys’ 
column IS really a misnomer It should be taken to indicate a desire to rnn 
a rooming house, boarding house or some form of hostelry Since several 
of the boys expressed this as a desire to “get married and ke6p boarders", 
or something similar, the caption was retained 
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Percentage 

TABLE 8 

OP Boys op Each Aoe Who Expressed Occupational Prefer¬ 
ences Falling in Extreme Vocational Groups 

Age 

Groups 4 and 5 

Groups 1 and 2 

6 

17 

63 

7 

17 

73 

S 

24 

48 

9 

16 

52 

10 

16 

62 

11 

25 

50 

12 

14 

55 

13 

25 

62 


The trimodality pictuied in Table 8, however, makes one feel that 
there is no true predominance of any one age group over the other. 
The irregular fluctuations tend to induce one to account for the 
condition m question m terms of an abnormal population sampling. 
The most significant change in boys’ attitudes toward a particular 
occupation came with respect to that of mill or plant worker. In 
this instance there does appear to be a definite diminution of interest 
with increasing maturity. For groups of comparable selection, it 
would seem that the chances are considerably less than one in one 
hundred that one would not find a decrease in this interest between 
seven- and eight-year-old boys. 

Taken as a gioup the boys were less professionally inclined than 
were the girls This is seen in Table 7 and also in Tables 5 and 6 
and Tables 8 and 9. Within th? most populous age range, sixl to 

TABLE 9 

Perclntage of Boys in Each Grade Who Expressed Occupational Prefer¬ 
ences Falling in Extreme Vocahonal Groups 


Grade Groups 4 and 5 Groups X and 2 


1 

13 

62 

2 

IS 

55 

3 

25 

41 

4 

29 

34 

5 

20 

40 

6 

15 

38 


twelve, a smaller percentage of boys expressed a preference for pro¬ 
fessional and semi-professional pursuits than did girls, at every age 
Also, boys at eveiy one of these ages evinced a gieater interest 
than gills in unskilled and semi-unskilled vocational activities. In 
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Table 7 It will be noticed that at every age the median occupational 
score of girls is higher than that of boys This, of course, points still 
further to the main fact previously developed m this ptaragraph. 
This is seen in a still different way when all ages of each sex group 
are put together and theii occupational scores tabulated. The boys' 
median of 2.32 is 1.87 lower than the girls’ median of 3.19. This 
median difference is almost twelve times its probable error. Certainly 
it must be taken to point to a fundamental difference in the type of 
occupational preferences of the two sexes. The lowest quartile point 
of boys, 1.74, is only .39 lowei than that of girls, 2 13, and though 
indicative of a definite difference in the lower halves of the dis¬ 
tributions, does not point to as much difference as was seen at the 
medians. In other terms, boys and girls interested in what might 
be called the lower-oider occupations are in closer agreement as to 
how low these occupations should stand than are average boys and 
girls When the upper halves ot each sex group are studied, though, 
very decided differences are seen, The highest quartile point of 
girls, 4,89, 18 1 65 higher than the corresponding point, 3.24, in the 
boys’ distribution This difference, incidentally is over 25 times its 
probable ciioi, and aeema to indicate a quite unequivocal tendency 
for the gills more than the boys, who are not content with what 
might be called the lower order occupations, to have set their voca¬ 
tional ambitions far from the point of mediocrity, Without doubt, 
of course, girls' interest m teaching is mainly responsible for this 
excessive diffeience. If a girl is not content with skilled laboi ac¬ 
tivities, teaching is almost the only available vocational avenue. 

One other factor of some seeming significance remains to be ana¬ 
lyzed That is the relationship, if .any, which exists between the 
economic status of the children and their vocational interests. All 
papers were scored on the previously mentioned economic rating 
scale, and the scores thus obtained were thrown into one general 
distribution. Due either to an abnormality in the scale or to the 
nature of the groups tested there was a very distinct bimodality in 
the group It was intended that the highest and lowest 20 pei cents 
of children, as determined by this distribution, would be selected 
for furthei study The distribution was of such nature, though, 
that, if all those scoring one more point liad been includfcd there 
would have been entirely too little selectivity m the group Those 
in the upper group arranged themselves more satisfactorily from the 
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point of view of the investigator. About 21 per cent of the highest 
cases are included; this compares with about 14 per cent of the 
lowest cases. In Table 7 one finds a, general summary of the results 
of this phase of the investigation. 

At every age of those presented m the table, boys from the more 
favored economic strata are somewhat more professionally interested 
than boys from the less favored economic strata. For fear we be¬ 
gin to generalize on this too soon, however, we should note that in 
four of the eight age groups shown boys from the low economic 
group had a higher average occupational score than the average boys 
of the ages in question. In still other terms, one does not find an 
internal consistency for the various economic levels within all the 
age ranges. This certainly adumbrates the meaning of the data to 
some extent Nevertheless, with a total group median for the high 
boys of 2 72 and one of 2 18 for the low boys, we find a median 
difference which is 4.2 times its probable error and hence sufficiently 
significant statistically so as not to be passed off as a mere accident 
If from these facts we conclude that a favorable oi unfavorable 
economic background per se is the major conditioning factor in deter¬ 
mining the nature of a child’s vocational preferences, we find our¬ 
selves m difficulty when attention is turned to the girls. In contra¬ 
distinction to bo 5 ^, the high girls have a higher occupational score 
than the low girls in only two of the eight age groups shown in 
Table 7 Also, in only five of these years is there a consistent in¬ 
crease or decrease in medians from the high group, through the total, 
to the low group. Interestingly, four of these, yeais six, nine, twelve 
and thirteen, ascend from low to high, and one, year ten, descends 
fiom high to low There is another point of particular significance, 
however. Whereas the data for the boj’s appeared to indicate that 
economic plenty tended to be accompanied by a moie professional 
type of vocational preference than 'economic insufficiency, with girls 
the opposite conclusion seems to be forced upon us. During the ages 
SIX, seven, eight, nine, and twelve, in paiticular, do we find the girls 
from‘the lowest economic strata evincing a far greater professional 
interest than those from the most favored economic backgrounds. 
Furthermore, a median vocational score of 4 62 for the total group 
of low girls when compared with a median of 2 99 for the high girls 
(critical ratio of the difference equal to about 7 3) almost makes it 
mandatory that we conclude that economic insufficiency is a most 
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Significant factor associated with the piofessionalization of girls’ 
vocational ambitions. Since the opposite type of conclusion appeared 
when attention was concentrated on the boys’ distributions it must 
be manifest that while economic environment may be somewhat re¬ 
lated to the vocational interests of children it is practically impossible 
to show that this is a causal relationship, for gioups, at least 

There are certain other factors of some interest m these data We 
found a reliable difference in the median occupational scoies of the 
total groups of boys and girls When attention is centered only upon 
the high boys and high girls, the median difference is only about 1 5 
times Its probable erroi, and hence to be mterpieted as probably 
being too slight to be significant. When we turn to the low boys 
and girls, however, the difference is quite unequivocal, being 13 times 
Its probable error It appeals that our picvious discussions as to 
the median difference between the two entire sex groups resulted 
mainly from the desires of the economically least favored gills to 
evolve into the most highly lanked occupations. The question is 
quite pertinent, though, as to why the boys of comparable economic 
restrictions did not react comparably Did these boys accept reality 
more than the girls? Had they thought more about their vocational 
caieers and consequently come to recognize then own potentialities 
more? Were they more fatalistic than girls, oi moie prone to sec 
the futility of these higher ambitions? If any of these questions is 
answered in the affirmative, wc still have the question as to why such 
a condition exists Certainly this sex difference is not biological in 
origin Obviously it must reflect differences in training. When this 
IS said we are still left with the source of this training, Did it come 
in the home? In the school? In companionship with other children? 
If any of these things is true the question seems pertinent as to why 
maturity is a factor of so little consequence. 

It appears obvious from this study of die vocational interests of 
children that certain commonly accepted hypotheses are of doubtful 
validity In the first place, with the exception of an exceedingly 
small number of specific vocational pursuits children’s occupational 
interests do not seem to grow or develop or systematically change 
within the years here considered. Again, economic security or in¬ 
security m and of itself does not appeal to be related causally to the 
occupational preferences of children Again educational maturity 
has a most equivocal relationship with professional interests. Ccr- 
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tainly there does not appear to be any reason for assuming that all 
inci eases in educational achievement, or scholastic matuiity, are 
accompanied by concomitant changes in a child’s vocational outlook. 
If this IS true, It cannot be said that education per se is the major 
determinant of childien’s occupational selections Again, though 
sex does play a significant role in quite a few instances, we see other 
instances wheie it does not and we must recognize that its relation¬ 
ship to vocational preferences is secondary rather than primary, it is 
related but not causallv The sex differences which appeal, with¬ 
out doubt, are the artifacts of a system of social training that in 
many cases approximates coercion Still further, whenever the origin 
of vocational, oi for that matter most other interests, is explained 
in terms of some one element, foice or changing factor, such an ex¬ 
planation likely will do an injustice to the facts of child develop¬ 
ment Many of oui atomistic concepts of development must give 
way to the realization that a highly complicated oiganism is react¬ 
ing to a multiplicity of inteiielated forces or completely integrated 
envjfonmentril influences 

Geoige Peabody College foi Teaclms 
Nashville, Tennessee 




COLOR AND PICTURE CHOICES OF YOUNG 
CHILDREN* 

From the Lincoln School, Teachers Collepe, Cohunbin University 


Gertrude H Hildreth 


The preferences expressed by young children for colois and pic¬ 
tures under expeiimental conditions are important for two reasons, 
first, the data for preferences expressed by childien before their tastes 
have been formed by training indicate developmental trends in the 
aesthetic field, and, secondly, the information is of practical signi¬ 
ficance to parents and educators in selecting colors and pictures suit¬ 
able for children To obtain new evidence concerning children’s 
color and picture preferences the following experiment was conducted. 

The Subjects and the Tests^ 

A battery of color and picture choice tests constructed for experi¬ 
mental purposes was given by the wiiter to 138 children, 78 boys and 
60 girls between the ages of thiee and six These children were 
attending a nursery school, and kindergarten and first-grade classes 
in a private experimental school. On the whole the subjects were 
above the median in intelligence as measured by standard tests appro- 
pi iate to the various age levels. The median intelligence quotient 
for the gioup was 120 8 for children under five years and 120 for 
children above five yeais. 

For color naming and color choice tests, standard colored papers 
weie selected in ten colors* black, gray, green, red, purple, yellow, 
pink, oiange, blue, brown, and specimens of each of the ten colors 
1 3/4 X 3 1/4 inches in size were mounted on a large cardboard in 
the following colors 

Pink Giay Gieen JRed Purple 

Yellow Black Orange Blue Blown 

Ideally, coloi choice testing should be done with puie saturated 


^Accepted for publication by Cail Murchison of the Editorial Board 
and leceived m the Editorial Ofiice, Apill 3, 1936 
'The wiiter la indebted to Professors Lois H, Meek and A T Jcraild 
of Teachcis College, Columbia University, for the oppoitunity to use as 
subjects children at the Child Development Institute 
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colors like those of the spectrum, such as may be obtained through 
the use of colored lights. For practical purposes pigment colored 
materials are satisfactoiy, though the difficulty of obtaining standard 
shades in any particular color is appreciated by all who attempt to 
select standard colors. Since for practical purposes we wished through 
color choice experiments to determine which colors children prefer 
in their surroundings, their play materials, clothing, and the like, 
the use of colored paper or cloth xvas admissablc 

Each child was shown the board containing the colors nnd asked 
to name them starting with the color in the upper left-hand corner 
and proceeding across the row. The color naming test not only 
indicated the child’s familiarity with these ten colors, but also re¬ 
quired the child to fixate each color separately before expressing a 
color preference. Following the test of color naming, the child was 
asked to tell which of the colois he liked the best. If a child named 
more than one, he was asked to tell which of those named he pie- 
feired. Verbatim responses for color naming and color prefeiences 
were recorded on appropriate blanks. Although the childicn were 
not asked why they prefeired certain colors, they occasionally volun¬ 
teered the reasons for selection. 

In summaiizing the data, children tested weie divided into two 
groups In one group were placed all those who were fiom three to 
four years of age, in the other, those who were five and six years of 
age The first group had a median age of four years, three months; 
the second group a median age of six yeais, one month Tlie color 
naming results for both age groups were as indicated in Tables 1 
and 2. 

Choices for the most part were made quickly Only a few chil¬ 
dren in each age group hesitated while making choices, or were unable 
to express a final preference for one color Dislikes weie often as 
marked as pieferences, and spontaneously given by the children One 
six-yiear-old volunteered the remaik, "I hate black, don’t you?” 
The most frequent reason for choosing a color was, “That’s the 
prettiest.” Another reason given was, "That’s the coloi of my 
dress ” Several children seemed to prefer black possibly because they 
had recently been using black paint in painting tlieir boats and en¬ 
gines 

For a number of reasons, different expeiimcnts yield contradictory 
results in color preferences Subjects used vary in age and maturity, 
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TABLE 1 
Color Naming 


Under 5 

No of colors 
correctly 

named Frequency 

% 

No of colors 
correctly 
named 

Over 5 

Frequency 

% 

10 

17 

30 3 

10 

61 

75.2 

9 

17 

30 3 

9 

14 

17.3 

8 

11 

19 6 

8 

2 

25 

7 

3 

5 3S 

7 

4 

4.9 

6 

I 

1.8 




5 

1 

1 8 




4 

2 

36 




3 

2 

36 




2 

0 

00 




1 

1 

1.8 




0 

1 

1 8 





Total 56-* 



Total 81 


*Oiie child who had the remaining tests in the 

senes missed the color 

naming test. 








TABLE 2 





Color Choice Results 



Age 

group 

Age 

group 

Both age 

erouDS 

Under 5 

Over S 

combined 

Color 

Frequency 

Color 

Frequency 

Color 

Frequency 

Orange 

14 

Orange 

28 

Orange 

42 

Pink 

12 

Fmk 

12 

Pink 

24 

Yellow 

9 

Red 

11 

Red 

15 

Blue 

6 

Purple 

9 

Purple 

14 

Purple 

5 

Green 

8 

Blue 

12 

Red 

4 

Blue 

6 

Yellow 

11 

Green 

2 

Black 

4 

Green 

10 

Black 

1 

YelloH 

2 

Black 

5 

Brown 

1 

Brown 

1 

Brown 

2 

Gray 

0 

Gray 

0 

Gray 

0 

No choice 

2 



No choice 

2 


the colors used are not always of equivalent or standard shades, the 
factor of suggestibility may enter into the test, or the way in which 
the test questions are framed. Results vary with the materials, cloth, 
paper, yarn, and lights, used in testing. The degree of experience 
with color is also responsible for varied results. Normally young 
subjects are unstable in expressing color and other preferences Re¬ 
tests frequently indicate contrary results. Actually, young children 
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have difficulty in making a final choice and may make a selection 
more or less at landom. The small number of cases involved in most 
experimental data Increases the eiroi due to sampling. 

Picture Preferences 

Most nurseries and classrooms aie ordinarily equipped with pic¬ 
ture materials selected by adults on the basis of their own judgment 
as to what children like. Too seldom has any serious attempt been 
made to discover what children’s natuial picture preferences are 
Too frequently the publishers or decorators set the standards without 
reference to the genuine preferences of children. The results from 
an experimental study should have piactical value m the construction 
of books and instructional materials for children, as well as for gen¬ 
eral decorative purposes. 

The present study represents an attempt to determine what pic¬ 
ture subjects young childien prefer. Two types of pictuic prefer¬ 
ence tests were given In the first place, the child was asked to 
select on the basis of preferied subject, and in the second place, the 
child was asked to select on the basis of color versus black-and-white 
or monotone reproduction. The first of these tests consisted of 16 
pictures repiesenting a wide range of subjects, shown four at a time 
in the same order for each child. The four pictures weie placed in 
a row before the child, who was asked to tell which one he liked 
best. Each time a choice was made, the chosen picture was extracted 
and kept for a final test. After the child had indicated his prefer¬ 
ence m each of the four groups of four pictures, he was shown the 
four pictures for which he had expressed preference and was asked 
to select the one he liked best of all 

The 16 pictures used in the test were selected by the examiner 
from a vaiiety of materials, some of which children were known to 
react to favorably, neutially or even negatively The final 16 were 
chosen in conference with teachers as being most representative of 
a variety of subjects, and most uniform in color effects. It was 
necessary to use colored pictures in the picture choice tests in order 
to hold the children’s interest and focus attention, for previous ob¬ 
servation had indicated the distaste of young children for monotone 
pictures as compared with those brightly colored Color choice tests 
had also indicated this fact. 

It was impossible because of limited time for individual testing 
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and the short attention span of the children to lengthen the picture 
choice test so as to include a still wider variety of subjects It is 
possible that children might have shown predominant preferences for 
subjects not included in the present series. Color seems to have had 
less influence on the children’s preferences than the subject of each 
picture, for among the best liked pictures were several less striking 
in color than those leceiving fewer votes. All the pictures in the 
test inclined more toward realistic than the impressionistic style m 
pairtting, though there was some range in style and quality in the 
senes. 


TABLE 3 



Picture 

Artist 

Subject 

1 

Young Mother Sewing 

Cassatt 

Child leaning over mother’s 
lap 

a. 

Wild Flowers of Ohio 

Crow 

Varicolored late summer 
flowers 

3 

Red Jacket 

F. V Smith 

A large, full rigged sailing 
ship 

Man plowing with team of 
two horses Birds fluttering 
over the newly plowed earth, 

4. 

Behind the Flow 

Kemp-Welch 

S 

A Maine Coast Fisherman 

Morgulies 

A man in oilskin coat against 
a seascape background 

6 

Fifth Avenue Bus 

Fiom Raphael 
Tuck Picture 
Book 

A green, double-decked bus 
full of passengers going 
down a crowded street 

7, 

St. Ann’s Gate 

Eddy 

A peaceful, cheerfully col¬ 
ored street scene 

8 

A Distinguished Member 
of the Humane Society 

Landseer 

Large Newfoundland dog 

9 

Hiawatha’s Wedding 
Journey 

Ferris 

Indian couple walking 
through forest 

10 

Don Carlos 

Velasquez 

Young prince galloping on a 
pony 

11. 

Fruit 

M Gray 

A tray of biightly colored 
fruit 

12 

Little Brother 

M 0 Kobb6 

A girl aged about twelve, 
holding her baby brother 

13. 

Die Kleinen Tierfreunde 

S GlucJcljch 

Girl seated on a bench bold¬ 
ing a white bunny fed by a 
boy seated on the ground 

14 

Grand Canyon from Grand 

H R. Henry 

A view of the Grand 


(Canyon Lodge) 

J Freeman 

Canyon in plcdsing colors 

IS, Day Dreams 

Fiom Raphael 

Adolescent girl gazing pen¬ 
sively at a bright bowl of 
floweis. 

16. 

Automobile at Filling 

Tuck Picture 

A red automobile with pas- 


Station 

Book 

sengers stopping at a Blling 
station 
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The 16 pictures chosen were trimmed to approximately the same 
size (10'" X 7") and mounted on uniform sheets of gray cardboard. 
The pictures chosen are indicated in Table 3. 

Famous masterpieces familiar to children were avoided in general, 
with the exception of the Landseer Occasionally children recalled 
having previously seen one of the pictures, hut the general vote indi¬ 
cates that previous experience had little effect on choice, for the pic¬ 
ture receiving the most votes in both age groups was a totally 
unfamiliar Geiman print. The final vote (Tables 4 and 5) showed 
also that choice was quite mdependent of the position of the pictures 
in the row. 

As in making color choices, most of the children expressed prefer¬ 
ences with little reflection, though often the younger children were 
less prompt and certain in choosing than were oldci childien. Young¬ 
er childien showed more tendency to choose by position than older 
children. The tests were given in the Spring of the year, a fact that 
may have been responsible for some of the preferences expressed. 

After the final choice was made, each child was asked to tell why 
he had chosen tlie preferred pictuie Comments such as the follow¬ 
ing, particularly from older children, were common. 

Rabbitt; 

"I have one at home,*' "It’s spring,” “He looks nice," 

“I like rabbits and wish I had one,” "Because it’s 
picking flowers.'* 

Bub: 

"I've been on one a lot” 

Flowers 

"All those colors In them” “Pretty flowers.” 

The results indicate the overwhelming preference of young child¬ 
ren for pictures portraying action and those including animals. If 
any sex difference was apparent, it was found in the gieater interest 
of girls than boys in the mother-child type of picture. 

Picture Choice. Color versus Monotone 

In this test the child was shown the picture entitled “Roman Girl 
at a Fountain” by Bonnat, one m color, one in black and white, one 
a line drawing of the same subject, and one a black and white sil¬ 
houette The pictures were all mounted on uniform sized boards 
and arranged in the following order: monotone, outline, color, sil- 
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TABLE 4 


Picture Choice 



Age group 

Age group 


Under 5 

Over S 


Pictun 

2 Frequency 

Picture 

Frequency 

3 

22 

3 

38 

4 

14 

4 

21 

2 

13 

2 

19 

1 

8 

1 

3 

6 

23 

8 

38 

8 

21 

6 

25 

7 

10 

7 

12 

5 

2 

5 

7 

12 

28 

10 

34 

10 

14 

9 

21 

9 

8 

12 

19 

U 

8 

n 

4 

13 

29 

13 

34 

16 

17 

14 

34 

14 

7 

16 

10 

15 

3 

IS 

2 

No choice 

1 

No clioice or 
t^vo choicea 

3 


TABLE S 

Picture Choice 



Final vote 



Age 

group 

Age 

group 

Both 

age gioups 

Under 5 

Over 5 

combined 

Picture 

Frequency 

Picture 

Frequency 

Picture 

Frequency 

13 

12 

13 

18 

13 

30 

8 

9 

14 

13 

8 

16 

6 

6 

3 

11 

14 

13 

12 

6 

10 

9 

12 

13 

2 

4 

8 

7 

10 

13 

4 

4 

12 

7 

3 

12 

10 

4 

9 

4 

6 

9 

16 

4 

2 

3 

2 

7 

7 

3 

4 

3 

4 

7 

5 

2 

6 

3 

16 

5 

1 

1 

7 

1 

9 

5 

3 

1 

IS 

1 

7 

4 

9 

1 

16 

1 

5 

2 

U, 14, 15 

0 

I, 5, 11 

0 

IS 

1 





1 

1 





11 

0 
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houette, the monotone appearing on the child’s left. Decisions in 
most cases were very quickly made Results are indicated in Table 6. 

TABLE 6 

PrcTURP Choice—Style 

Age group Age group 

Under S Over 5 Total group 

Style of Style of Style of 

picture Frequency % picture Frequency % picture Frequency % 


3 

31 

54 4 

3 

61 

75 

3 

92 

66 6 

4 

10 

17.S 

4 

8 

9.8 

4 

18 

13. 

1 

S 

14 

2 

7 

86 

1 

13 

94 

2 

8 

’ 14. 

1 

S 

61 

2 

15 

10.9 


Conclusions 

Two groups of young children between the ages of three and 
six, above the average of the general population in mental maturity, 
were asked to name ten colors, to name the preferred color, to express 
preferences for picture subjects among a series of 16 pictures, and to 
express a preference for reproductions of a single picture in four 
styles. 

Results of these experimental tests indicated that nearly a third 
of the group below five years of age could name ten colors, and the 
same number, nine colors In the group ovei five years of age, 75 per 
cent named ten colors and 17 per cent named nine colors correctly. 

Orange was the favorite of both age groups, with pink second and 
red third. 

In the picture choice tests, the picture of a boy and girl feeding 
a white rabbit was the final preference shown in the votes of both 
age groups, the picture by Landseer of a large dog second. A view 
of the Grand Canyon and a picture of a gal with her baby brother 
tied for third place. 
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THE EFFECT OF THE PRESENCE OF A SECOND INDI¬ 
VIDUAL ON THE CONDITIONED SALIVARY 
RESPONSE IN DOGS OF DIFFERENT 
CONSTITUTIONAL TYPES* 

From Cornell University 


W. T James 


It IS generally assumed that a given individual will perform certain 
mental processes and associations m a characteristic manner It is 
further recognized that these mental reactions are subject to varia¬ 
tion depending upon whether the individual is alone during the reac¬ 
tion or is in the presence of another person. It is still further known 
that the presence of a companion, and especially a stranger, is far 
more disturbing for certain individuals than for others Partly 
on this account some persons are companionable or social while others 
are more solitary in their habits. Both psychologists and biologists 
disagree as to the causes for this difference in social behavior. One 
group relates the social reaction entirely to the past experience of 
the individual while a second group emphasizes the constitutional and 
inherited factors Evidence is found in support of both influences. 
Experiments of various types have been tried for interpreting the 
social behavior of the human. The problem is difficult because of 
the inability to analyze both the genetic factors and the environmental 
experiences For this reason the basic processes involved in social 
behavior should also be studied by recourse to animal experimenta¬ 
tion. It IS essential for this purpose to use animals which show 
variations in constitution and type reactions Dogs exhibit certain 
social behaviors closely similar to those seen m the human. 

At the Cornell Anatomy Farm a large number of dogs are being 
studied and arranged m behavior groups on the basis of salivary and 
motor reflexes. Since it « necessary to keep many of these animals 
together, each dog is forced to associate with and react to others 
It is found that in all groups certain animals dominate or suppress 
others In some cases one dog will dominate only a single animal 

'''Accepted foi publication by Carl Murchison of the Editorial Board 
and received in the Editorial Office April 6, 1936 
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of a group while the other members will not be disturbed by his 
behavior. An aggressive dog may be dominated by another dog and 
still maintain his supremacy over all of the other dogs of the group. 
There are other animals that arc dominated by every member of the 
group. Such a dog would be called timid, shy, or extiemely inhibit- 
ible. We have found that some individuals are always aggressive 
in any group Aggressiveness and dominance are expressed simply 
by asserting mastership of the situation, and this position is main¬ 
tained very often at the expense of a fight. One phase of aggressive¬ 
ness is expressed by talcing food away from the othei animals. Ag¬ 
gressiveness IS expressed also by taking the choice place on which to 
lie in the kennel, or by driving another animal away in order to 
receive the attention of the keeper for himself. The more timid and 
dominated animals crouch down and withdraw as soon as the aggres¬ 
sive dog approaches If they do not withdraw immediately, the 
aggressive dog growls. As a rule the growl or snarl is all that is 
necessary to intimidate the shy dogs If there is opposition, the 
aggressive animal attacks. From ct^ual observation it would seem 
that the more combative animal becomes the aggressor, wlnle in many 
cases even the stronger and larger dog, though less combative, with¬ 
draws. The timid dog may actually be well able to take care of 
himself in a fight if he were willing to contest the situation. 

In this series of experiments an attempt is made to analyze these 
reactions and determine their relation to the physical constitution of 
the dog. The dogs were studied fiist as individuals and then in the 
company of associates to which they had already made adjustment. 

We may consider first the behavior in a litter of five animals, three 
females and two males. These dogs have been together from the 
time of birth The animals arc now two years old and have been 
studied experimentally for one year. The parents were derived from 
a hybrid between a bassethound and a German shepherd bred back 
on the bassethound. The parents were therefore three-fourths basset 
and one-quarter shepherd. The litter of five, from these parents, 
is fairly homogeneous with physical characteristics predominately 
bassethound. Before describing the behavior of these animals under 
experiment, their behavior toward one another in tlie open kennel 
will be considered. 

The dogs are referred to by their reoird numbers Female 1301 
is extremely shy and timid, being imposed upon and dominated by 
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all the othcis, Slie sliiinks awav tiom the food pan wlicn any one 
of the otheis appio,idles She letieats with a ciouclied body, and, 
when giowlecl at, lies down on hei back and becomes completely 
passive Sbc does not attempt to eat along with any of the otheis, 
but luns fioiii pan to pan as they leave, taking food that icniaiiis 
Hci timidity is expiessed also towaid people When a kcnnd man, 
the expeiimentGi, oi a stiange peison appioachcs she moves into the 
backgiound while tlie othci foui littei mates conic foivvaul foi 
attention An excellent example of this behavioi is sliov n in the 
photogiapli (Figiue i) Foui dogs aic seen in the foicgionnd, but 



FIGURE 1 

Tiir Timid Doc,, Nuviblr 1301, Ri mains in nir Background Wiiiii thi 
Four Otiilr Animus Comi Forward Tirr Dominant Maif is Takino 
Food From 'lur Pan 

the extieincl}' bhy animal icmains in the backgiound, .ivoiding the 
photogiapbci She is (he least aggicssive one of the gioup and cs 
completely doimnated by the foui biotheis and sisteis Among the 
foui dominating this shy animal, a definite oidci ot dominance and 
suppicssion has been foimed One of the males, 1297, dominates 
the othci male, 1298 This dominance is cxpiesscd b\ chasing the 
othci aval fiom the food pan, gioMling, attacking, and h\ ninning 
1298 out of the kennel house at \anous tunes Tlie dominated dog, 
1298, IS always fotced to move back ivlien the expenmentei is 
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offciiiiK fuod bv liaiicl, wlule the dominant doj;, 12Q7, LoinCs toiw.ud 
When one of the femnfes is in oestiiis theie is con'.tant i\nt.\y;oinsm 
between the males with animal 1297 diivinj’ animal 1298 awav 
fiom ihc female Often duiing the nielli il is neecssiiii to tio into 
the kennel and quiet the two males, they uuml and umsianilv 
antaKoni/x one anothei Tliib sriailinp: is always stalled by 
1297 and is cotitiniicd even aftci 1298 lias iciieated into tlu' eoinei 
A somewhat similai lelation, thouRli not so pionouiKcd, exists be¬ 
tween the two females Female 1300 is aRj^icssive aiul dc/initcl\ 
(lomin.itcs n04, as cxpiessed by RiabbinK away food, in^limR, and 
attacking Dog 1300 mviiiiably gets .iLtciition at the expense of 1304 
It has been obseived on sevcial occasions that tlog 1300 would gion I 
and bailc at 1304 with no appaiciit leason and xvoiild continue to ilo 
so until scolded bv the expciimentci The dominant female I 300, 
altliough ncvci taking the diiect aggiessive ng-unst the two males, 
will not allow tliem to take food fiom hci oi move liei out of a 
choice place m the kennel, She ix not aggiessive towaiil them, hut 
ncitliei IS slie dominated by them. Finall)', among tlie five dog'', one 
female is dominated by all the otiicis, among those foui, one m.ile 
dominates the othci male, one female dominates the oihei female, 
and although tliis dominant female does not take the aggiessive In- 
waid the males, she is not dominated bv them 

In the ex^eiivnent the animals xvtie fiist studied ’A'> mdi'idmiU 
with the coiuhtioned salivaiy icHcx in oidci to compaie tliem uitli 
moie than 40 othci puie btcccl and hybiid animals that have alie.idv 
been trained 

The laboiatoiv is a quiet, isolated loom in wliicli the dog lein.iins 
dining the picsentation of food and vaiious conditioning siimuli 
Duiing the cailv tiaining a hatness was used to coniine the animal, 
but it was discaided as soon as the animal became adjusted to tlie 
situation and would take food without hesitation The saliv.m 
lesponse was iccouled bv means of a monometei and a lube held 
tightly ovei the paiotid fistula by a suction cup aiiangcnienl 'Flic 
movements of the cxpciiinentei were not visible to the dog dm mg 
the training A metionome sounding at the late of 120 pei miiuiie 
was used as .n signal for food On ceitaiii days kvmogi.ipli lecouls 
wcic made of the saiivaiv lesponsc, the bieathing ulianges, and ihe 
head and body inovcmmls In oidci to facilitate (.omii.iuson .iinoiig 
these animals, the icsults of the study aie piescnted in 'Table i 
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TABLE 1 

Comparative Behavior of Five Litter Mates on the Basis op CowomoNED 

Sauvary Beplbx 


Number 

of 

dog 

No. of days 

In labora¬ 
tory before 
dog takes 
food 

No. of 

M 120 
before 
cond. 
salivary 
response 

Value of 
saitvation 
in l/lOOcc 
for 30 see 
Average 
of 2S 
days 

No of 
negatives 

M 18 given 
before 
differen¬ 
tiation 

Percent¬ 
age of 
responses 
to M 120 
throughout 
training 

1301 

7 

no cond. 






responae 




1300 

5 

14 

11 4 

12 

92 

1298 

7 

20 

16 

25 

92 

130+ 

6 

12 

16 

11 

100 

1297 

6 

8 

22 

20 

100 


The table shows that female 1301, which was dominated by all the 
others, is very different from the others and inferior to them under 
laboratory conditions. Although diis animal took food at times, she 
did so only when extremely hungry. She never entered the labora¬ 
tory without crouching and being afraid, she would hesitate, lean 
in the harness, and stand as near the door as possible, suggesting an 
eagerness to get out. This disturbance, caused possibly by the labora¬ 
tory, the experimenter, the harness, etc., placed the animal in so 
complete a state of inhibition that a conditioned response, and often 
even the unconditioned response, was impossible to obtain. 

The other four dogs developed excellent responses. They were as 
alike in behavior as any dogs we have found in the entire group of 
more than 40 studied They each behaved in the same manner 
toward the training process and the experimenter They responded 
regularly with vigorous reflexes, were eager to enter the laboratory, 
would fixate the pans, and behaved m every way that suggested a 
willingness to enter into the procedure There is no doubt from 
these experiments that animal 1301 is in a different class from her 
litter mates Possibly her extremely inhibitive nature has caused 
her to be dominated by the other four. There is nothing shown in 
their behavior, however, to indicate why differences in social reaction 
have been formed among them. 

Following the above experiment, the laboratory was arranged so 
that each animal could be studied in association with every other one 




442 


JOURNAL OF GENETIC PSYCHOLOGY 


of the five A second food pan appafRtus was added to the first one 
so the dogs could stand side by side for the signals and await the 
food. Each animal was then trained in the new position so that 
every one could be used in either the first or second position duimg 
the expeniTient Both pans were close enough to allow each dog 
to take food fiom either pan Two monometers were used, one 
connected with each animal, in order to record the responses sep¬ 
arately The same conditioning signal, M 120, as used in the pie- 
vious experiment, was used here All the dogs, except the female 
1301, had alieady formed conditioned responses to this signal. 

The main point of the experiment is whether each dog will re¬ 
spond in the same way it did m the first training when it finds itself 
in the presence of another animal, and if not, what variation fiom the 
first record will occur. The results have been put in tabular form 
in Table 2 The negative sign Indicates that the dog’s response was 


TABLE 2 

Beh/iVIOR or Each Edo in Presence of Every Other Dog of the Grouf 


Number 

of 

dog 

1301 

1300 

1298 

1304 

1297 

1301 

X 



1 


1300 

Normal* 

X 

Normal 

Normal* 

Normal 

1298 

Normal* 

— 

X 

Normal 

Normal 

— 

1304 

Normal* 

— 

Eat from 
same pan 

X 

Normal 

1297 

Normal* 

Normal 

Normal* 

Normal 

X 


•The dog numbered at the left ate the food of the dog numbered at the 
top. 


inhibited, or unfavorably disturbed by the piesence of the second 
animal Each square in the table indicates how the dog numbered 
in the column at the left behaved in the presence of the dog num¬ 
bered at the top of the other columns 

It IS seen from Table 2 that each dog behaved normally when in 
the presence of another one with the exception of three combina¬ 
tions. The female, 1301, which had never become adjusted to the 
laboratory environment and had been unable to form a conditioned 
response, was disturbed by the presence of each of the other dogs 
This animal crouched on the floor and became completely passive 
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when any one of her brothers and sisters was present She made 
no attempt to take food or to stand neat the pans. Although as a 
rule this animal was distuibed when in the room alone, she never¬ 
theless would stand and move about. The presence of each of the 
other dogs brought on a complete inhibition similar to the behavior 
she exhibits in the lun when they attack her The male, number 
1298, was inhibited in the presence of male 1297, the dominant ani¬ 
mal in the kennel Dog 1298 was also disturbed by the dominant 
female, 1300. The female 1304 was likewise inhibited by the 
dominant female, 1300. In every case the animal that was disturbed 
allowed the second dog to eat from his or her pan None of the 
dogs as effected by the presence of 1301, and each of them took 
her food as she stood passively aside making no protest 

The dogs which were dominant and aggressive under the more 
natural conditions of the kennel exerted a disturbing effect on the 
respective dominated animals when under laboratory conditions 
This disturbance was indicated bv inhibition of the conditioned re¬ 
sponse and by withdrawal from the food pan. The behavior is pre¬ 
cisely that which takes place in the kennel. In the laboratory, how¬ 
ever, we get a more accurate picture of what is happening, all the 
reactions involved in approaching the pan and eating are weakened 
or suppressed as the antagonistic withdrawal reactions arise. 

It IS possible that the above behavior may be due entirely to the 
previous associations formed among the dogs of the group Before 
determining whether the basic factor for dominance is constitutional 
or an experiential reaction, these do^ must be further studied in 
association with strange animals In a third experiment the five 
animals were brought into the laboratoiy with dogs from other lit¬ 
ters, individuals that they had never met before In order to make 
the set-up comparable an extremely aggressive male and female should 
be used as well as dogs belonging to the shy or timid type. Among 
the trained dogs available there was one that had pi oven to be ag- 
giessive in any group This animal is a hybiid Fn derived from two 
basset-shepherd Fi’s. He is predominately shepherd in physical ap¬ 
pearance and has always been a luler in his gioup An extremely 
timid female was used, yet one that was not as timid as 1301 This 
bitch was also a basset-shepherd F 2 that has formed good reflexes 
but showed the passive defense attitude when approached by a 
strange dog A third ammal, a pure bassethound, belongs to what 
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we term the mid-group, that is, an animal that is neither extremely 
aggressive nor extremely timid. This dog would be called well 
balanced and a good experimental type It was impossible to find a 
female moie aggressive than the one belonging to the group of five 
and for this reason a fourth animal was not used. The five litter 
mates were now studied in exioctly the same manner as described 
above in the second experiment along with these iliice strange animals. 


TABIE 3 

Behavior op Each Dog m the Preskncf o5 Three Strange Dogs 


Number 
of dog 

1528 

Tinmi 

bass-shep 

1152 

A^reasive 

bass-ahep 

1+26 

Mid-gioiip 

basset 

1301 

_» 

_ ^ 

_• 

1300 

1st response 
negative 

2nd normal 

_» 

Response 

partly 

inhibited 

1298 

Response 

normal 

_» 

Response 

normal 

1304- 

1st response 
negative 

2nd normal 

_,* 

Response 

partly 

inliibited 

3297 

Response 

normal 

lat response 
negative 

2nd noimai 

Response 

normal 


^Indicates that the dog numbered at the top of the rolumn ate both pans 
of food. 


Table 3 shows how the five dogs of the gioup, numbered in the 
left column, behaved in the piesencc of the two males and the 
female from the stiange littere numbeied at tlie top of die columns. 
If the responses were completely inhibited a negative sign is used. 
In some cases the first response was inhibited but not the second 
The timid female of the gioup, 1301, was again completely in¬ 
hibited in this experiment In each Ciise the strange dog ate her 
food, She appealed extiemely shy, and would crouch away from 
the accompanying dog. The dominant male, 1297, was disturbed 
and somewhat inhibited at first by the aggressive male, 1152, lie 
withdrew while 1152 growled and nosed him The experimenter 
had to interfere in order to keep 1152 from attacking. This aggres- 
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siveness on the pait of 1152 had an inhibiting effect on the first 
lesponse of 1297. On the second application of the signal, however, 
1297 gave a normal response, but even then he allowed 1152 to eat 
his food, withdrawing as soon as 1152 approached with a snarl It 
IS recalled that animal 1297 would never withdraw in the presence 
of membeis of his own litter; for this reason it may be said that he 
was entirely dominated by 1152 Animal 1297 gave a normal re¬ 
sponse in the piesencc of the other two dogs, and in both cases took 
their food, while they withdrew on his aggression Neithei 1528 
nor 1426 responded normally, while 1152 gave a vigorous response 
in the presence of 1297 Animal 1300, the dominant female of the 
group, was also Inhibited by 1152, but she was disturbed only for 
a short time in the presence of 1528 and 1426. This temporary 
disturbance seems to be a foim of initial inhibition that lasts until 
the dog, in a sense, determines his status in the situation Animal 
1300 would take food from the pan of 1426, but not from 1528. 
Botli 1528 and 1426 gave a noimal response, indicating that they 
weie not diveited by the presence of 1300. The male, 1298, re¬ 
acted noimally with both 1528 and 1426, but was completely in¬ 
hibited by 1152. The female, 1528, reacted normally in association 
with 1298, while the male, 1426, was entirely inhibited by 1298 
The behavior of 1304 was quite like that of hei litter group; she 
was also disturbed by 1152, and showed the initial inhibition in the 
presence of 1426 and 1528, which was overcome as the experiment 
progiessed She would eat fiom the same pan with both of these 
dogs when she had finished her own food. 

To summaiize, we find that all the do^ in the gioup of five were 
inhibited by the extremely aggiessive male, 1152, but that all of them, 
with the exception of 1301, reacted normally in the presence of the 
less aggiessive strange dogs Both females, 1300 and 1304, showed 
an initial inhibition in association with the two timid dogs, while 
the aggressive male of the gioup, 1297, showed it only when with 
1152 


Discussiok and Conclusions 

In this series of expeiiments we have studied the effects of the 
presence of one dog on the behavior of another It is conclusive 
that the dogs which are dominant in a gioup under kennel condi- 
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tions have a definite inBuence on the mental piocesses of the 
dominated animals when placed in the laboratoiy This is ex¬ 
emplified by the inhibition of the conditioned response and by a dis¬ 
turbance of the total food-taking reaction. 

To determine whether such dominance and submission weie due 
entirely to past association, the dogs wcie studied undei identical 
conditions along with strange animals. Under these circumstances, 
each dog leadily recognized whether tlie sli anger was a dog which 
he could or could not dominate. The submissive animals withdrew 
immediately when the aggressive strange dog entered the laboratory. 
Dogs which weie dominant within the group became submissive 
in the presence of strange animals which were more aggiessive than 
themselves Thus the dog’s behavior patterns arc not governed 
solely by their past group associations, but are based on inherent 
characteristics. This is particulaily shown by the fact that the ex¬ 
tremely timid dog, 1301, and the extremely aggressive dog, 1152, 
have been distinguished by these qualities since early puppyhood, 
Two such animals repicsent different extremes in social behavior. 
There is no doubt about their reactions. One is submissive while 
the otlier is dominating The other dogs of the litter group them¬ 
selves between these two extremes and make adjustments to one 
another m a relative manner Possibly this relationship is based on 
differences m intensity of the behavior icactions. Basically, the 
social reaction involves withdrawal and approach reflexes The total 
behavior consists of a complex of reactions including both emotional 
and sensory motor phenomena. There is no doubt that the total 
behavior is initiated by facial expression, such as the snarl, expression 
of the eye, and ear position, by sound, as the nature of the growl; 
and by the mode of approach, that is, if the advance is brisk and 
erect, or crouched and hesitant. All of these factois are important 
in the immediate reaction of one dog to another The greatest con¬ 
flicts occur among dogs that have the approach and withdrawal re¬ 
actions nearly equal in intensity, and, as we have pointed out, the 
extremely shy animals never attempt the approach reaction, while 
the extremely aggiessive animals remain so in every social situation 
This general difference in intensity of the behavioi seems to be 
correlated with the degree of purity of the excitable and inhibitible 
types. The extremely aggressive dog showed every characteristic 
of what has been termed a highly excitable dog by Pavlov. The 
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shy clog had characteristics of the so-called inhibitible animal, Most 
of the dogs used in the present study fall between the two extremes 
and are well-balanced animals belonging to the mid-group It is 
recalled that four of the dogs from the litter of live were as nearly 
the same m behavior as any we have studied Difterences were 
noticeable only when they were brought into the controlled social 
situation. This emphasizes the fact that the impoitant factors m 
social behavior can be analyzed best only under the controlled as¬ 
sociation arrangements. 

The initial inhibition shown by some of tJie dogs when they came 
into the presence of a second animal is a reaction of importance 
Tills hesitation is comparable to the defensive attitude so often ob¬ 
served in human experience. It is probably a basic protective phe¬ 
nomenon occurring during the mteival necessary foi estimating tlie 
aggressiveness or submissiveness of the opponent. This initial in¬ 
hibition was not displayed on the part of the females when they ap¬ 
proached the male dogs. Possibly this is due to the fact that the 
male, as a rule, does not attack the female. 

The question may be raised as to the part played by physical 
strength and ability in social aggressiveness Many dogs with an 
intense social approach reaction are incapable of maintaining their 
supremacy in conflict with a larger dog. After defeat the first dog 
will be submissive toward his conqueror, but will continue liis ag¬ 
gressive behavior toward other dogs It is m this manner that as¬ 
sociation modifies the reactions of a paiticular animal On the other 
hand, there are dogs which would be able to maintain supremacy in 
physical combat, yet will lemain submissive because they will not 
engage in a fight. Here again the importance of constitution is 
emphasized. 

The significance of constitutional type in social adjustment should 
be of interest to those investigating human social reactions. It is 
well known that there are aggiessivc, or extrovert, individuals and 
submissive, or introvert, individuals In human society one type is 
forced constantly to make adjustments to the other Some people 
made the adjustments easily, others fail entirely, and there are others 
in which adjustment is a difficult struggle not always apparent to the 
observer In these experiments animals which appeared to be at ease 
under the social conditions of the laboratoiy showed by inhibition in 
their conditioned response that some disturbance was present. There 
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are many forms of neurosis in the human not due to obvious conflict, 
and a tension similai to that demonstiated here may be the basis for 
some of them A disturbing factor is always present in tJie case of 
individuals on the shy end of the scale In the case of animal 1301, 
the very timid dog, the neivous distuibance is complete and the dog 
cannot even attempt an adjustment. This dog cannot be classified 
as neurotic in the sense that her behavior is due to conflicts arising 
from forced adjustment. She is so constiuctcd biologically that social 
adjustment is impossible. This then is constitutional and not a be¬ 
havioral progression. Human individuals of this type are recog¬ 
nized without difficulty In the human, as in the dog, constitutional 
reactions and general type must be considered in analyzing all 
social bchaviox. 

These expel iments are offered as a lend to social studies with dogs. 
Studies on the diffeient types of dogs may well aid in solving the 
problems of human nervous conditions. 

Summary 

In developing n conditioned reflex animals have always been 
trained alone in a quiet isolated chamber. Would an animal so 
conditioned react the same if a second animal were placed in the 
chamber with him? Also would the effects on his nervous reactions 
be different when the second dog was an intimate companion or when 
a complete stranger? In other words, how is the nervous behavior 
of an animal affected simply by association with other individuals? 
The present experiments attempt to answer such questions. 

1 In a litter of dogs, containing two males and three females, 
that had been kept together since birth, a definite order of dominance 
and submission was built up One female in tlie group was domin¬ 
ated by the other four litter mates and, among these four, a sec¬ 
ond female dominated the third female, and one male dominated the 
other male, The dominant female of the group did not take the 
aggressive against the males, but she did not allow them to 
dominate her. 

2. When the dogs were trained individually in the conditioned 
reflex laboratory it was found that the dog 'which was dominated 
by the other four animals was unable to make an adjustment to the 
laboratory situation or to form a conditioned reflex The four 
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animals that dominated this female were able to foim reflexes 
The behaviors of these four dogs, studied individually, were more 
nearly the same than any we have found among other d,ogs in the 
group of 40 that have been studied They fall into what lias been 
termed a mid-group, or well-balanced animals, and are neither 
extremely excitable nor extremely inhibitible. The one female that 
was unable to form a conditioned reflex must be classed as extremely 
inhibitible 

3 After the above training the dogs were studied in the labora¬ 
tory, two at a time, until each one had been studied m relation to 
every other one It was found that each dominant dog had an in¬ 
hibiting effect upon the individual that he dominated None of the 
animals was disturbed by the presence of the extremely inhibitible 
female, while she was greatly disturbed by each one of the othei 
four 

4 These five dogs were then studied in relation to entirely 
strange animals. For these companions one extremely aggressive 
male, a timid female, and a mid-group male weie chosen It was 
found that the aggressive dogs of the group of five weie them¬ 
selves inhibited by the presence of the very aggressive male stranger 
The litter mates dominated by this stranger were still aggiessivc 
however toward the two less aggressive strange dogs. 

5 \t IS pcA‘L'Q\a‘Lt;i tViat extreme aggies^vLTiess an6 sViyncss in so¬ 
cial situations is correlated with excitability and inhibitibility as in¬ 
herited constitutional factors. 

6. This experiment emphasizes the importance of constitution 
in social adjustment in dogs When animals differ widely, there is 
no specific conflict between them* the one dominates, the other is 
subdued When animals aie more oi less equal in their social 
approach behavioi, conflicts arise. 

7 Studies of social adjustment among dogs of vaiious constitu¬ 
tional types may be useful m inteipieting certain social adjustment 
reactions in the human In these experiments excitable, inhibitible, 
and intermediate constitutions may be observed under controlled 
conditions 
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LANGUAGE DIFFICULTY AND LEARNING THE RELA¬ 
TIVE EFFECTIVENESS OF A SERIES OF STUDY 
SHEETS OF GRADED DIFFICULTY AS TEACH¬ 
ING DEVICES WITH CHILDREN IN THE 
6A GRADE**^ 

From the Louisville Public Schools 


Milton B. Jensen^ and Mabel Schrodt^ 


Introduction 

In a preliminary investigation (unpublished) the authors deter¬ 
mined that five history books m common use in the sixth grades of 
the Louisville Public Schools, and an unpublished historical story 
of their own composition, differed markedly with respect to vocabulary 
difficulty, average sentence and phrase length, degree of compre¬ 
hension with which they were read by sixth-grade children, and how 
much sixth-grade children learned from a live-minute study of repre¬ 
sentative selections from them. It was further apparent that what 
a child learns from a five-minute study period is not wholly dependent 
upon the above-named factors—comprehension, vocabulary difficulty, 
phrase, and sentence length In our opinion, style of presentation, 
key sentences, etc., are vital elements It seems to us that too 
much "story” may actually detract from learning and that study 
materials may be too "entertaining” to be good teaching devices where 
time IS limited. 

Our major investigation, as reported in this paper, is an evaluation 
of vauous degrees of difficulty of comprehension as affecting learn¬ 
ing at the sixth-grade level Oui findings indicate that, at this level, 
children learn about twice as much per unit of time from study 
material well within their range of compiehension as from the more 
difficult treatments they are frequently expected to master. 


^Accepted for publicotion by Carl Murdiison of the Editorial Board and 
received ia (he Editorial Office, May ], 1926 
^Conaulting Paychologist, Louisville, Kentucky 
Touiaville Public Schools. 
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I 

A short selection about Arabia from Gibbon (1) was rewritten in 
such a manner as to form a series of five selections (including the 
original), uniform in content, but diffenii}; markedly in difficulty 
(See Appendix A). This paiticular selection was used because 
of a conviction that gioups of sixth-giade children would be equally 
unfamiliar with it when equated for age, adiievemcnt-, and intelli¬ 
gence-test scores. 

Thirteen experienced teachers lated the five selections as to the 
school grade they thought each fitted best They were Piincipals 
of Elementary Schools, 2; Teachers of High School English, 5; 
Normal School Teacheis of English, 1; Elementary School Super¬ 
visors, 2; Research Workers in Education, 1, Teachers of Social 
Science in Elementary Schools, 1. The ratings of the judges to¬ 
gether virlth their means and standard deviations aie given in Table 1. 
That the selections constitute a graded series is emphasized by the 
fact that in only two instances aie the latings otherwise: Judge D 
lated Selecltoiis 11 and III of equal difficulty, and Judge J rated 

TABLE I 


Ratings of Difficui.ty of Eivb Splpctions dy Thirteen Judges 
(Ratings Are in Terms of School-Grade Placement) 


Judges 

/ 

Selections 
II III 

IV 

V 

A 

13 

10 

7 


4 

3.5 

B 

14- 

9 

8 


5 

4 

C 

10 

9 

8 


S 

4 

D 

12 

11 

11 


7 

3.5 

E 

12 

9 

75 


7 

4 

F 

11 

9 

6 


5 

4 

G 

10 

9 

6 


5 

3.5 

H 

11 

10 

7 


6 

3.5 

I 

11 

9 

7 


6 

3.5 

J 

12 

7 

8 


6 

3 5 

K 

11 

9 

8 


5 

3,5 

L 

12 

10 

8 


6 

4 

M 

12 

8 

6 


5 

3.5 

Mean ratings 

116 

92 

75 


5.5 

3 7 

S.D, 

108 

.96 

1.19 


.85 

23 

Diffeience between 







successive means 

24 17 

20 


1.8 

^ ^ am 


.30 

.32 

.30 


.18 

Diff /P E 

8 0 S.3 

6.7 


10 0 



TABLE 2 

Vocabulary Analysis of Selections Comprising Graded Series of Study Material 
(Ttorndike’s CJassification, Frequency of Usage) 
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Selectioti III as more difficult than Selection II. The differences 
between successive mean latmgs, the probable errors of these differ¬ 
ences and the resultant quotients ranging fiom 5.3 to 10 0 are 
given in Table 2. That these selections actually are of the difficulty 
indicated by the ratings of the judges is, of couise, questionable 
For the purpose of this study it is sufficient that they constitute a 
seiics of decreasing difficulty all containing the same, or about the 
same, data relative to Arabia that are given In the original It is 
quite evident, however, that our judges underestimate the difficulty 
of all the selections; they rated Selection F as of 3 7 grade difficulty, 
and yet the 6/^ children who studied this selection ten minutes 
(ample reading time) averaged only 30.36 of a possible 50 correct 
responses on the examination. Then failuic to scoic higher on the 
test is probably due to the fact that Seledmi V (the easiest) is 
much moie difficult than rs indicated 6y the mean lating of grade 3,7 
by our 13 judges. 


II 

The five selections in the senes were examined with respect to 
sentence and phrase length (five letters being counted as one word) 
and percentages of words falling in the various categories of Thorn¬ 
dike’s classification (3). These data are given in Table 2 The 
general trend Is for the easier selection to have shorter sentences and 
phrases, and to be composed of more frequently used woids. That 
these situations are not altogether the case is not only interesting but 
substantiates our opinion that style of presentation is of vital im¬ 
portance in determining what an Individual learns from what he 
reads (see Introduction) Leading, size of type, etc., were not 
factors in this situation, however, since all the selections were 
presented to the children in mimeographed form. 

III 

In selecting experimental groups, data were secured from 218 (iA 
children in five elementary schools. From these, five gioups of 25 
were secured, each child in each group being paired with a child in 
each of the other four groups on the basis of age and test performance 
as measured by the Otis S-A Test of Mental Ability, and the 
Public School Achievement Test. The standard scores from these 
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two tests were combined in making the pairings, and sex was disre¬ 
garded. These pioccdures weie considered permissible because of 
the relationship existing between the variables The basic correlations 
are given in Table 3. 

TABLE 3 


Basic Correlations for Data Secured From 18'J- Childrln in thf Grade 


Age 

Score 

Otis 

S A. 

Score 

Public School 
Achievement 

Otis+PS/f. 

(Standard 

Scores) 

Age 

84-1' 045 

—.404-1- 036 


Oils Test 


836±014 


Sex (liiseria!) 



Il± 02 


TABLE 4 

Basic Data for tiik Five Experimental Groups Equated as to Ace and 
Sum of Standard Scores om Otis Self Administering Tpst or 
Mental Ability and Public School Achievement 


GROUP I 


Score, 


Student 

Sex Age 

Otis 

score 

PSA 

score 

iSj-i-Zo* 

Reading 

PSA 

test on 
Arabia 

1 

M 

12-4 

23 

167 

—1 49 

21 

9 

2 

M 

13-3 

43 

234 

1 33 

56 

21 

3 

M 

11-3 

43 

272 

2 02 

58 

21 

4 

M 

12-7 

35 

210 

25 

38 

17 

5 

M 

13-2 

22 

ISO 

—1 88 

32 

0 

6 

F 

11-8 

39 

223 

81 

42 

19 

7 

M 

12-3 

40 

202 

52 

52 

20 

S 

P 

11-9 

40 

248 

1 35 

58 

19 

9 

M 

12-2 

38 

195 

22 

48 

1 

10 

F 

12-3 

37 

179 

— .15 

32 

19 

11 

M 

12-1 

24 

151 

—1 70 

31 

16 

12 

F 

13-4 

48 

195 

1 03 

49 

18 

13 

M 

12-0 

34 

196 

— 08 

37 

3 

14 

F 

11-8 

46 

224 

1 39 

38 

19 

IS 

M 

11-4 

34 

195 

— 10 

29 

13 

16 

M 

ll-l 

39 

261 

149 

59 

12 

17 

M 

11-4 

30 

182 

— 65 

33 

9 

18 

F 

11-S 

£0 

280 

3 S3 

62 

32 

19 

M 

11-6 

34 

212 

21 

44 

27 

20 

M 

12-7 

57 

259 

2 91 

60 

23 

21 

M 

12-10 

17 

133 

—2 58 

24 

17 

7,2 

M 

11-5 

31 

228 

.26 

49 

7 

23 

F 

11-8 

50 

254 

2 25 

48 

16 

24 

M 

11-11 

47 

240 

176 

56 

23 

25 

M 

U-4 

32 

182 

— 49 

40 

21 

Mean 


12.0 

37 72 

230 9 

.49 

43,8 

15 8 

S.D 


7 75 mo 

102 

38 1 

1 46 

118 

9 I 


*Thc standard scores were calculated from data secured from 18+ 6A 
childicn The means and standaid deviations for the two teats were Otis 
SA JV/—3S.6, SD=124, Public School Achievement, jlf=193 2, S.D.—55.(5 
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TABLE 4fl 


Student 

Sex 

Ape 

GROUP 11 

Otis PSA 

scoie score 


Reading 

PS.A 

Score, 
test on 
Arabia 

1 

F 

12-5 

23 

187 

—1 13 

30 

21 

2 

M 

13-0 

49 

227 

1 79 

48 

IS 

3 

F 

12-1 

50 

234 

1.89 

54 

22 

4 

F 

12-3 

34 

217 

30 

10 

20 

5 

F 

13-4 

15 

123 

—2 92 

29 

13 

6 

M 

11-10 

33 

252 

85 

37 

6 

7 

F 

12-4 

40 

212 

70 

39 

20 

S 

F 

n-11 

41 

2-18 

1.43 

41 

14 

9 

M 

12-1 

36 

208 

30 

42 

9 

10 

M 

11-10 

25 

219 

40 

44 

8 

11 

F 

U-11 

32 

135 

—1.32 

30 

16 

12 


13-2 

41 

229 

1.03 

38 

20 

13 

M 

12-1 

35 

197 

02 

31 

12 

14 

F 

11-9 

41 

248 

143 

43 

22 

15 

F 

11-7 

28 

211 

— .29 

30 

3 

16 

F 

11-10 

43 

246 

1 SS 

42 

21 

17 

U 

13-4 

27 

194 

— 68 

27 

20 

18 

F 

11-10 

53 

337 

3 99 

49 

18 

19 

F 

11-6 

34 

224 

.42 

43 

18 

20 

M 

11-10 

56 

254 

2 73 

50 

28 

21 

M 

11-11 

21 

131 

—2 29 

21 

5 

22 

M 

11-8 

58 

228 

27 

40 

25 

23 

F 

11-8 

46 

274 

2 29 

55 

27 

24 

F 

11-6 

42 

235 

1.27 

51 

26 

25 

M 

11-4 

30 

192 

— .47 

31 

17 

Mean 


12-1 

37 2 

214.5 

.51 

397 

17 0 

S D 


6,65 mo 

11,0 

44,2 

1 52 

84 

70 


Data for the five experimental groups are given in Table 4. 
Original test scores as well as the sums of standard scores on the two 
tests are given in the table. In pairing the children it was found 
more convenient to combine standard Scores on the two tests, using 
means and standaid deviations for the 184 childien comprising the 
original group That this procedure is justified is shown by the close 
relationship between scores on the two tests and for oui 184 children 
(r=.836± 014) Corrected for unieliability and age difterences 
this is so close to unity, as shown by Kelley (2), that the tests may 
be thought of as measuring neailv identical elements and, conse¬ 
quently, scores on them may be combined m an additive manner. 
That these gioups are well equated will be seen from inspection of 
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TABLE 4i 


Student 

Sex 

Age 

GROUP III 

Otis PSA 

score jeore 

*i"h*2* 

Reading 
P.S A 

Score, 
test on 
Arabia 

1 

F 

12-2 

23 

165 

—1 53 

31 

13 

2 

M 

13 1 

38 

233 

91 

58 

27 

3 

M 

11-8 

SI 

231 

1 92 

54 

29 

4 

F 

13-2 

37 

177 

— 18 

52 

27 

5 

M 

I2-S 

58 

279 

—2 16 

49 

6 

6 

M 

12-9 

42 

207 

77 

47 

19 

7 

P 

11-5 

32 

206 

— 06 

47 

17 

8 

F 

11-9 

43 

231 

125 

34 

17 

9 

F 

12-2 

34 

194 

12 

44 

14 

10 

F 

12-3 

33 

190 

— .27 

47 

26 

11 

M 

12-4 

24 

131 

—2 06 

33 

16 

12 

P 

13-3 

42 

196 

.57 

45 

17 

13 

P 

12-3 

37 

175 

— 22 

47 

23 

14 

P 

12-0 

53 

241 

2.26 

52 

35 

15 

P 

11-6 

40 

164 

— 16 

28 

13 

16 

F 

11-2 

46 

204 

1.03 

4+ 

24 

17 

F 

12-1 

31 

164 

— 89 

24 

10 

18 

F 

11 8 

66 

268 

3 30 

49 

28 

19 

M 

11-4 

38 

210 

.49 

46 

19 

20 

M 

12-2 

59 

245 

2,82 

52 

50 

21 

M 

11-8 

56 

243 

—2.54 

59 

36 

22 

M 

11-8 

38 

215 

.58 

52 

27 

23 

P 

11-8 

53 

233 

212 

49 

9 

24 

M 

11-7 

49 

229 

172 

59 

23 

25 

F 

11-7 

31 

189 

— 44 

51 

17 

Mean 


12-0 

41 6 

204 8 

39 

461 

20 5 

S. D. 


6 7 mo 

10 8 

35 0 

1 S3 

8 6 

76 


Table 5 DifEeiences between mean ages and mean test scores (the 
sum of standard scores for the two tests) are given The probable 
errors of the differences between means and the resultant quotients 
are also given. 

IV 

Each of the experimental groups was given one of the study sheets 
(Appendix A) to study for ten minutes, Group I has Selection 4 
Group II, Selection 11 j etc The instructions given below were uni¬ 
form for all groups: 

You will have ten minutea in which to learn all you can from 
the selection below Study U caiefully Leain eveiything you 
can fiom it Do not waste any time At the end of ten minutes 
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TABLE 4c 


Student 

Sex Age 

GROUP IV 

Otis P.S A 

score score 


Reading 
P.S,A 

Score, 

test on 

Arnbia 

1 

F 11 8 

41 

227 

—1.41 

50 

18 

2 

M 11-9 

36 

182 

.57 

55 

22 

3 

M 11-7 

51 

257 

2 40 

49 

32 

4 

F 12-2 

30 

223 

.14 

52 

25 

S 

M 11-9 

27 

157 

—1 34 

23 

17 

6 

M 11-6 

46 

193 

93 

39 

37 

7 

F 12-6 

44 

202 

.84 

45 

33 

8 

F 11-8 

27 

153 

105 

30 

24 

9 

F 11-9 

36 

198 

12 

43 

16 

10 

F 12-6 

38 

188 

30 

43 

18 

11 

F 12-1 

25 

142 

—I 78 

40 

20 

12 

M 11'5 

43 

201 

74 

42 

20 

13 

M 11-10 

36 

182 

.17 

34 

12 

14 

F U-6 

43 

228 

123 

47 

23 

15 

F 11-6 

38 

176 

12 

32 

21 

16 

F 11-3 

40 

258 

1.S3 

59 

28 

17 

M 12-1 

36 

151 

— .73 

33 

29 

18 

M 11-5 

53 

296 

3 25 

58 

30 

19 

p 11-6 

28 

197 

28 

39 

27 

20 

M 11-11 

40 

205 

2.34 

55 

35 

21 

F 11-6 

20 

155 

—1 95 

21 

21 

22 

F 11-7 

42 

184 

35 

36 

25 

23 

F 11-7 

57 

249 

2 73 

62 

37 

24 

F 11-9 

47 

223 

1.46 

53 

33 

25 

F 11-7 

37 

178 

.16 

32 

27 

Mean 

11-9 

38 24 

200 4 

.50 

42 7 

25 2 

S D. 

3.76 mo 

8,9 

38 1 

1 37 

10 9 

68 


the study sheet is to be handed in and you will be given an 
examination to see how much you have learned 

At the end of the ten-minute period the study sheets were col¬ 
lected and the same examination (Appendix B) was given to all the 
children in all the groups. It was the intent of the authors that 
this examination test for all the major facts contained m the original 
selection (No. I, Appendix A). Scores for each child in each group 
as well as group averages and standard deviations are given in Table 
4. Test reliabilities, by the split-score method, using the Spearman- 
Brown foimula, were found to be as in Table 6. 
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TABLE 


Student 

Sex 

Age 

GROUP V»» 

Otis PSA 

score score 


Reading 

PSA 

Score, 
test on 

Arabia 

1 

M 

12-3 

27 

156 

—1.58 

33 

24 

2 

M 

11-6 

46 

197 

75 

39 

34 

3 

P 

11-5 

51 

229 

1 73 

47 

34 

4 

P 

12 7 

36 

215 

08 

39 

35 

5 

F 

123 

33 

173 

— 79 

34 

27 

6 

M 

11-S 

53 

215 

65 

42 

39 

7 

F 

12-1 

40 

217 

S3 

39 

31 

8 

F 

11-S 

45 

229 

125 

39 

35 

9 


12-9 

27 

215 

.24 

38 

19 

10 

M 

11-8 

17 

201 

— 13 

35 

26 

11 

M 

12-2 

19 

173 

—1 93 

30 

19 

12 

M 

11-6 

43 

229 

109 

42 

30 

13 

F 

11-10 

35 

215 

02 

42 

31 

J4 

M 

11-9 

48 

217 

1.18 

37 

39 

15 

M 

12-9 

29 

215 

— 48 

36 

26 

16 

F 

11-S 

46 

236 

1 60 

49 

35 

17 

F 

11-7 

30 

189 

— .68 

33 

22 

13 

M 

11-0 

59 

262 

2 98 

47 

45 

19 

M 

11-2 

37 

217 

29 

30 

30 

20 

M 

11-9 

S3 

221 

174 

39 

37 

21 

M 

12-3 

18 

148 

—2 42 

32 

18 

22 

M 

11-8 

37 

197 

02 

39 

31 

23 

M 

12-1 

44 

217 

87 

42 

25 

24 

M 

12-2 

45 

201 

.76 

39 

36 

25 

F 

11-8 

37 

197 

02 

36 

31 

Mean. 


11-10 

38 3 

207 4 

28 

38 3 

30.36 

S.D. 


3 S mo 

111 

25 9 

122 

49 

5.32 

*'''Public 

School 

Achievement Test 

scores 

for Group 

V were 

estimated 


from scores on the Metropolitan Achievement Tests, Intermediate Battery 
This was done by using age and grade norms for the two tests Incom- 
parabiiities in the norms of the two tests, of course, are present in the esti¬ 
mated test scores. 


From Table 4 it will be seen that Group V scored almost twice 
as much after ten minutes of study of Selsction V (the easiest) as 
Group I scored aftei ten mmutes of study of Selection I (the hardest). 
The differences between means for the various groups together with 
probable errors of these differences and resultant quotients are given 
in Table 7. 
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TABLE 5 

Statistical Analysis of Diiterencfs Between Mhams ior the Five 
Equatcd Groups 


Standard Scores 
(Otis S A -|- Public 
Arc School Achievement) 


Group 

Diff. 



Dili 

^ ^ (Hff 

Diff /P.E 

Ml—M j 

1 mo 

I 40 mo 

71 


29 

07 

Ml—M j 

0 mo, 

1.4+ mo. 

00 



.18 

Ml-Ml 

3 mo 

113 mo 

2 6t 


9 

03 

Ml—Mo 

2 mo 

123 mo 

1 SO 

21 

26 

81 

Mr-Ma 

1 mo. 

1 35 mo 

.75 

Ha 


24 

M,—M, 

4 mo 

1 00 mo 


01 

.29 

03 

Ms — Mo 

3 mo, 

115 mo 

2 61 

23 

27 

85 

M»—Ml 

3 mo, 

105 mo. 

2 81 

— 


.21 

Mr—Mo 

2 mo 

110 mo. 

182 

.11 

27 

41 

M*—Mo 

1 mo 


125 


25 

12 


TABLE 6 


Group 

'll 

I 

.837 

II 

860 

III 

.844 

TV 

.73+ 

V 

.765 


TABLE 7 

Statistical Analysis ot Scores on Test on Arabia by Five Equated Groups 


Differences 
between means 

Diff 


DiiypE,.,,, 

Ml—Ms 

1.20 

1.56 

77 

Ml—Ms 

4 62 

1 62 

2 35 

Ml— 

9.36 

156 

6 00 

Ml—Ms 

1+ 52 

14+ 

10 09 

M^Mj 

341 

1+0 

2 46 

Mr-M, 

816 

1 32 

617 

M^Ms 

13 32 

1 19 

11 21 

Ma—M, 

+ 72 

1.39 

3 39 

Mr-Ma 

9.88 

127 

786 

Ml— Mb 

5.16 

1 18 

+.37 
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Summary and Suggestions 

1 Difficulty of comprehension, type used, sentence nnd phrase 
length, and method of presentation are vital elements m study 
sheets at the sixth-grade level. 

2 Of our equated groups, the one studying the easiest selection 
learned approximately twice as much in a ten-minute period as did 
the group studying the most difficult selection. 

3 Those lesponsible for the adoption of textbooks should 
ascertain that the books are good teaching devices before they ap- 
piove their purchase It would not be unieasonable to requiie of 
publishers proof from reliable research sources that a text is a good 
teaching device before its adoption is even considered. 

4 Publishers of textbooks would do well to deternaine the 
effectiveness of teaching devices before accepting them for publica¬ 
tion. 


APPENDIX A 

Seledion I {Meav ralirntt 116 grade) In the vacant space between 
Persia, Syria, Egypt, and Ethiopia, the Arabian peninsula may be conceived 
as a triangle of spacious but irregular dimensions From the northern 
point of Beles on the Euphrates, a line of 1,500 miles is terminated by the 
straits of Babelmandel and the land of frankincense About half this length 
may be allowed foi the middle breadth, from east to west, from Bassora 
to Sue/, from the Persian Golf to the Red Sea The sides of the triangle 
are gradually enlarged, and the southern basis presents a front of 1,000 
miles to the Indian Ocean The entire surface of the peninsula exceeds in a 
fourfold proportion that of Germany or France, but the greater part has 
been justly stigmatized with the epithets of the stony and the sandy Even 
the wilds of Tartary are decked by the hand of nature with loftv trees 
and luxuriant herbage, and the lonesome traveller derives a sort of com¬ 
fort and society from the piesence of vegetable life But in the dicary waste 
of Arabia, a boundless level of sand is intersected by sharp and naked 
mountains; and the face of the desert, without shade or shelter, is scorched 
by the direct and intense rays of a tropical sun 

Selection II {Mean rating, 9 2 grade) In the open space between Persia, 
Syria, and Ethiopia, the Arabian peninsula may be thought of as a triangle 
or three-cornered piece of land, of wide but uneven measurements From 
the northern points of the city of Beles on the Euphrates river, a line of 
1,500 miles is ended by the straits (long, narrow strip of water) of Babel¬ 
mandel and the land of Persia About half this length may be allowed for 
the middle width, fiom east to west, from the city of Bassora to the city 
of Suez, from the Persian Gulf to the Red Sea The sides of the triangle 
slowly increase in length until the southern side has a sea coast of 1,000 
miles on the Indian Ocean 

The entire land area of the Arabian peninsula is more than four times 
that of Germany or France, but the far greater part has been rightly 



462 


JOURNAL OF GENETIC PSYCHOLOGY 


maiked with the names of stony and sanely. Even the wilda of the country 
of Tartary In Rvissta are covered by the hand of nature with lofty trees and 
abundant pasture lands The lonesome traveller receives a sort of com¬ 
fort and society from the presence of this vegetable life, But In the dreary 
waste of Arabia, an endless level of sand la cut by sharp and barren 
mountains, The surface of the desert, without shade or shelter, is scorched 
by the direct and burning rays of n tropical sun. 

Selection III {Menu rttlinff, 7 5 grade) The countries of Persia and 
Syria in Ana, and Egypt and Ethiopia in Africa, come together m auch 
a way as to form a large open space This large space is filled by a 
great threc-coinered piece of land called the Arabian peninsula The lines 
whicli mark the boundaries of the Arabinn peninsula are long and ir¬ 
regular. They spread wide apart to form a great triangle The longest 
side of which is I,00Q miles long This lies along the coast of the Indian 
Ocean. 

If you begin at the northern part of the city of Deles on the Euphrates 
liver and draw a line 1,S00 miles long to a narrow strip of water called 
the straits of Babelmandel, you will have readied the country of Persia 
This 18 the entire length of the great peninsula. To measure the width 
from east to west, begin at the city of Bassora and draw your line to the 
city of Suez, or you m.iy measure from the Persian Gulf to the Red Sea 
You will find that both of the ensC-west lines aic about half ns long ns the 
line which measured the length of the Arabian peninsula 

The entire surface of the Arabian peninsula is more than four times the 
size of Germany or France. Unlike these countiies, however, most of the 
land of Arabia is a dreary w.'iste of sand. For this reason people consider 
it a very unpleasant place and have given it the names of sandy and stony 
It stretches away in wh.it seems to be an endless level ot sand But if you 
could fly over this desert, you could sec that the lonij stretches of sand are 
cut by sharp, bare mountains. These mountains seem to rise directly out of 
the sand. 

In the wild uncultivated lands of Taitary in Russia, a traveller will 
journey through tad trees and wide grass lands The green of the forests 
and pastures make the traveller very comfortable for he feels that they are 
hia friends In Arabia, however, he must journey in great discomfort over 
endless sand The rays of the gun fall alinoat straight down and scorch his 
skin for he is near the Tropic of Cancer which marks the nortliein boundary 
of the Torrid zone. 

Sehcl'mt IV, [Mean rati/tg, 5 S grade) The plane left the sea and started 
over the land Down below lay a great three-cornered piece of land. 

“What aie wc passing over nowP" asked the boy, 

“That large piece of land below you is Arabia Look closely and you 
can see that it has three sides like a great triangle,** answered the pilot 

“Yes, I can see the long sides stretching farther and farther, and all the 
time getting farther and farther apart One side seems much longer than 
the other two.” 

"That is the southern sea coast. It borders on tlic Indian Ocean and is 
a thousand miles long.*' 

“The land of Arabia seems to be almost surrounded by water ” 

"It IS, and for that reason la called a peninsula—the Arabian peninsula," 

“What are those countries which almost surround Arabia?" 

"Persia, Syria, Egypt and Ethiopia. They form a sort of half circle 
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with nn open space in the center. The Arabian peninsula lies in the open 
space ” 

"How long IS it across the entire peninsula?*’ 

“Wait until I come neaier to earth and I’ll show you. Now, see that 
place below you on the river? That la the city of Beles It is on the 
Euphrates river If you stretch a line from Beles to Persia, you will have 
a line 1,S00 miles long*’ 

“Where is Persia?" 

“Down at the far end of the peninaula,’* 

"I can see a narrow strip of water there." 

“That IS the strait of Babelmandel." 

“How wide 13 Arabia?" 

"You may measure it from two places Measuring from the city of 
Baasora to the c:ty oi S\)ez, it la aimost ha)f aa wide as Jt la hng you 
measure from the Peisian Gulf to the Red Sea, you get almost the same 
distance—750 miles Aiabia is four times as large os Germany or France." 
The ship left the coast and headed out over the gieat Arabian desert 
"We are now traveling over the “Land of rocks and sand,” said the pilot 
"Why rocks? I see only mtles and miles of sand which seem to run on 
forever." 

"Before the use of planes many people found the desert a very unpleasant 
place to cross. Because of its endless sand and locky mountains, and scorch¬ 
ing sun, they marked it with stony and sandy To many it still seems a 
place of evil ’* 

"I think I see something moving down there ’* 

"You do That is a traveller, or he may be o merchant returning to his 
home ” 

“How long will it take him to cross the desert?” 

"About sixteen days” 

"Sixteen days I In that sunl" 

"All of It and there is not one bit of shelter or food on the desert" 

"Wonc he and his camefs die of the terrible heat?” 

“Terrible is right, but he carries water with him. We arc :n the Torrid 
zone just south of the Tropic of Cancer.” 

"What does the Tropic have to do with the sun?” 

"It marks the northern boundary of the Torrid /one and the rays of the 
sun fall directly upon your head Don’t you see how short the shadows 
are?" 

“I thought that the sand went on forever but I see something sticking up 
from the sand that breaks the long level line.” 

“Mountains We will fly over them in a few minutes and you can see 
how bale and sharp they are. If the mountains did not break that long 
stretch of sand it would go on for many, many miles more” 

“Is all this land below good for anything?” 

"Not a thing Nothing will grow there Nothing can live long there" 
"Don’t the natives have flocks?” 

“Not in this part of Arabia” 

“Is everything in this part of the world sandy and stony?" 

“Oh^ no To the north lies Taitary m Russia Even in most uncivilized 
parts you can sec tall tiecs and great pastures of grass." 

“It must be quite different crossing Tartary.” 

"The journey is quite pleasant After a time on a desert the plants and 
growing things seem like friends One forgets how tired he has been. When 
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vie reach the strait of Babelmaadel we wil! fly north and let you see the 
country." 

Scleclion V. {Mean rating, 3 7 grade) Far away in that part of the 
world known as Asia there is a country called Arabia (n-ra' bi-n). Arabia 
is a great three-cornered country four times aa big as France or Germany 
It looks like a great triangle on the map because it has three corners and 
three sides The three sides of this triangle arc crooked They arc not the 
same length and stretch far apart. The iongest side of Arabia is 1,000 
miles This IS the soiitliern side along the Indian Ocean. 

Arabia is called n peninsula because it has water almost all the way 
aroutid it At the northwest end of the Arabian peninsula is the country of 
Syria Persia, the land of spices, is to the southeast Across the Fed Sea 
to the west are Egypt and Ethiopia These four countries—Syria, Persia, 
Egypt, .and Ethiopia make a half-circle around Arabia, 

The best way to measure the length of Arabia is to begin at Bcies, a city 
in the northern part of Arabia, It is built on the banks of the Euphrates 
rivei Prom Beles go down the whole length of Arabia to the end of Persia 
at a long narrow strip of water This stiip of water is called the Strait of 
Babelmandel From Bales to the Strait of Babelmandei is 1,500 miles. 

There are two ways to measure the width of Arabia from east to west, 
One wny is to begin at the ci^ of Bassora and measure across to the Suez 
Canal The other way is to measure from the Persian Gulf on the east to 
the Red Sea on the west Either way the distance across Arabia from east to 
west IS about 750 miles. This is just half as far aa the distance from north 
to south 

People think Arabia is an evil place and call it the "Land of Sand and 
Stones *’ In the desert of Arabia there is nothing but miles and miles of 
sand and stone. In some places sharp, bare mountains stick up through the 
sand like great teeth. 

There is not a tree nor a bit of water on this desert. Arabia is in the 
Toriid zone or hot part of the world, It is just south of a line called the 
Tropic of Cancer In Arabia the sun shines almost straight down and is 
burning hot all day. 

The land of Tartary in Russia is not at all like Arabia, Tartnry is a 
land of green, growing plants. In Tartary there arc tall trees and Belds 
of grass Tiavellers who cross the Arabian peninsula sometimes die of 
heat and thirst, but travellers in Tartary have pleasant journeys, They 
are helped by all the green things that grow around them. 


APPENDIX B 

Examination on Arabia 

Name . .. School , ., 

Date , ... Grade , ... . 

DirecUoiu', In each of the questions below underline the part that makes 
the best answer and write its letter in the blank space at the left, as in the 
following example: 

E\ainple\ 

^ 1, Louisville js (a) a country (b) g city (c) a peninsula (d) a 
province 
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Answer all the questions! 

-1 Araliia is (a) a state (b) a cape (c) a peninsula (d) an island 

(e) a group of countries 

-2 The sides of Arabia make a sort of (a) square (b) triangle (c) 

circle (d) rectangle (e) half circle 

-3 The width of Arabia is about (a) 500 miles (b) 100 miles (c) 

250 miles (d) 750 miles (e) 1,000 miles 

-4 The southern sea coast of Arabia is (a) SO miles long (b) 1,500 

miles Jong (c) 1,000 miles (d) 2000 miles (e) 750 miles 

_5 The lines that make the great tnnngle of Arabia are (a) close 

together (b) far apart (c) make a circle (d) make a square (e) 
all end at the Persian Gulf 

- 6. Beles is on (a) a river (b) a gulf (c) a bay (d) a sea (e) an 

ocean 

_7 The width of Arabia may be measured from (a) Bassora to 

Suez (Ij) Suez to Beles (c) the Red Sea to the Indian Ocean (d) 
The Euphrates to the Tigris (e) Bassora to Persia 
-8 The Southern sen coast of Arabia lies on ^a) the Atlantic Ocean 

(b) the Indian Ocean (c) the Pacific Ocean (d) the Persian 
Gulf (e) the Red Sea 

_9. The distance from Bassora to Suez is the same as from (a) Egypt 

to India (b) Prance to Russia (c) Beles to Babelmandcl (d) 
Beles to the Red Sea (c) Persia to the Strait of Babelmandel 

_10 Arabia is about (a) one half as large as Germany (b) one 

fourth as large as Germany (c) four times as large ns Germany 
id) eight times ns large as Germany (e) five times as large 
as Germany 

_11 The name sandy and stony means (a) unpleasant (b) wicked 

(c) large (d) hot (e) dry 

_ t2 The hind of Tartars is (a) covered with sand and stones (b) 

filled with mountains (c) a pleasant place of trees and pastures 

(d) a land of bare fields (e) a land of burning heat- 

_13, The travelers in Tartary are rested by the (a) tall trees (b) 

flocks of sheep (d) the springs (e) the mountains 

_14. The desert of Arabia is (a) a good place to live (b) a good place 

to raise flocks (c) a poor place to raise anything (d) a poor 
place to get sunburned (e) a good place to find gold 
_ 15 The long stretches of sand in Arabia are broken by (a) rivers 

(b) fields (c) caravans of camels (d) travellers (e) mountains 
_,^16 The mountainB of Arabia are (a) tall and beautiful (b) bare 

and rocky (c) covered with sand (d) snow capped (e) covered 
with clouds 

_17 Merchants on the desert (a) drink at the springs (b) carry their 

water (c) stop at the rivers (d) rest in the shade (e) travel at 
night 

_ 18 The sun on the deseit (a) makes long shadows (b) short shadows 

(c) no shadows at all (d) makes shadows only at noon (e) makes 
shadows when one gets near the mountains. 

_ 19 The sun of Arabia is (a) warm (b) comfortable (c) burning 

(d) behind a cloud (e) not warm enough. 

_20 The sun of Arabia shines in the (a) Torrid zono (b) South Tem¬ 
perate zone (c) South Frigid zone (d) North Frigid zone. 
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.21 The width of Arabia can be measured in (a) two ways (b) 
three ways (c) five ways (d) only one way (e) not at all. 

.22 The longest side of Arabia is (a) on the ocean (b) the sea (c) 
the Euphrates river (d) the Persian Gulf (c) on the side toward 
Syria, 

-23 Persia, Svtia, Egypt and Ethiopia (a) make n triangle (b) a 
square (c) a circle (d) make a half circle with a space between 
them (c) make the land of Tartary 
-24- Babelmandel is a (a) city (b) river (c) strait (d) ocean (e) 
country 

-25. Arabia lies in the spoce between (a) Russia and India (b) Tnr- 
tary, India and Palestine (c) Syria, Egypt, Persia and Ethiopia, 
(d) Syria, Egypt, Russia, and India (e) Egypt, Ethiopia, China 
and Beles 

.2f> The width of Arabia is (a) one half as long as < its length (b) 
twice as long as its length (c) four times as long (d) three times 
ns long (e) one fourth as long as its length 
-27. The lines which form the great triangle of Arabia are (a) long 
and close together (b) short and even (c) uneven and far apart 
(d) curved and bioken (e) short and close together 
_28 Beles is on the (a) Tigris river (b) Euphintes river (c) Ohio 
river (d) Red Sea (e) Indian Ocean 
-29 The distance from Bassora to Suer is the same ns from (a) 
Egypt to India (b) France to Germany (c) Deles to Baliclmandel 

(d) Deles to the Red Sea (e) Persian Gulf to the Red Sea. 

.-30 Arabia is about (a) as large as France (b) as large as the 
United States (c) four times as large ns Prance (d) one fourth 
as large as France (e) as laigc as France and Germany together. 
._3l. The name sandy and stony has been given to Ainbia b€c.au8e (a) 
it is thought to be a disagreeable place (b) there is no water 
anywhere (c) travellers die on the desert (d) theic arc no trees 
on the deaert (e) no one knows anything about it. 

._32 The land of Arabia ts (a) deep and fertile (b) good for almost 
nothing (c) valuable for its palm trees (d) a good place to 
raise camels (e) a good place to make journeys 
.-33 The mountains of Arabia (a) break the long stretches of sand 
(b) pile lip the sand (c) make a place to land airplanes (d) 
make a pretty view (e) shut out travellers from the desert. 

.-ll- Travellers on the desert (a) rest in the shade at noon (b) stop 
at huts to rest (c) fill their water bottles every evening (d) eat 
figs as they walk along (e) must endure the hot sun all day. 
.-35 A travellei on the Arabian desert finds that the sun shines 
almost straight upon his (a) legs (b) head (c) back (d) arms 

(e) chest 

.-36. The sun of Arabia is (a) warm and pleasant (b) bright and 
burning (c) always behind a cloud (d) only shines a little while 
each day (e) not warm enough to be comfortable 
.-37. The width of Arabia may be measured from (a) the city of 
Beles to tbc Indian Ocean (b) Asia to Africa (c) Bassora to Suez 
(d) Euphiates to Tigris (e) Red Sea to the Persian Gulf. 

.-38 The longest side of Arabia is the (a) northern (b) eastern (c) 
southern (d) western. 
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-39 Persia, Syria, Egypt, and Ethiopia (a) make an island (b) make 

a pcninsul? (c) make a continent (d) make a long chain of land 
(e) make a sort of half circle with an open space in the center 

-40 Bahelmandel U (a) an lathmua (b) a strait (c) a Sea (d) a river 

(e) a canal 

Arabia lies in a apace near (a) America (b) Europe (c) Asia 

(d) Australia (e) China 

__-42, The names of sandy and stony have rightly (a) given fame to 

Arabia (b) marked it with disgrace (c) branded it with super¬ 
stition (d) named it the land of herbage (e) marked it as a 
sacred land 

——-43. Much of the land of Arabia is (a) used for dumping (b) unfit 
for life (c) covered with stones (d) well watered (e) laid to 
waste by war 

_44 A travelUi on the desert of Arabia could (a) rest in the shade 

at noon (b) sleep under a plane tree (c) make himself a hut of 
cactus (d) cat dates for food (e) be protected from the sun 
only at night 

_45 The sun of Arabia is near (a) the Pope’s line (b) Tropic of 

Cancer (c) International Date Line (d) Arctic Circle (e) Ant- 
artie Circle. 

...—46 The distance between Beles and the straits of Babelmandel is 
(a) 1,500 miles (b) 1000 miles (c) 5000 miles (d) 100 miles 

(e) 2,500 miles. 

_47. The distance from the city of Bassora to the city of Sue 2 is 

about (a) 500 miles (b) 700 miles (c) 750 miles (d) 1000 miles 
(e) 100 miles 

—.___48 The names sandy and stony have been given Arabia because 

(a) people dislike it (b) no one could cross it (c) for miles there 
IS nothing but sand (d) it is covered with large stones (e) there 
are mountains on it 

———49. The mountains of Arabia (a) break the long stretches of sand 

(b) pile up the sand (c) make the sand look like waves (c) 
water large areas with their snows (e) make a good place to hide 

__50 A traveller on the Arabian desert could get protection from on 

umbrella if he could hold it (a) at his back (b) in front 
of him (c) at hia right side (d) at his left side 
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BLOCK MODELS 
Maric L 11 Forres 

The diawjng shoe's models to be presented jn sHccession in an exercise 
m leplacing missing blocks. Indicated by dotted lines, on a foundation 
when a complete model ts displayed beside it The first model is the 
bridge used by Gesell (1) 

Foliowing tiainmg which included the fitting of several blocks in a 
single hole cut to a pattern and the replacing of missing blocks on the 
final and only incomplete model in a row of models all of which were 
alike, the exeicise was carried out with a boy having non-hereditary 
mental deficiencies, three and one-half years of age Model d was 
repeated as the child thiew the blocks when the model was first presented 

The following is a record of the time required to complete each model 

Model abcdefghijkl 

Seconds 5 6 4 7 H ? 8 11 20 30 20 2S 

The wiiter gratefully acknowledges the examination of the mateunls 
by hei former instructor, Dr, Waltei F Dcarboin, Director of the Psycho- 
Educational Clinic, Harvard Univeisity 
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A differential based on the dearborn 

COLOR-FORM TEST 
Marie L. H Forres 

Figure I shows a device of four cardboard discs graduated in size, 
fastened together in the center m a manner which pcnnita n child to 
rotate them independently but not to spin them, on which arc displayed 
16 colored forms, four of each shape nnd color 



Figure 2 shows the same forms applied to cubes wlilch are to be rotated 
on a rod 

The differential Js based on the Color-Form Test by Dr Walter F 
Dearborn {1, 2) m which "when the child is picking out forms he must 
disregard color and vice versa" 
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The writer gratefully acl^nowledges the examination of the materials 
by her former instructor, Dr Walter F Dearborn, Director of the Psycho- 
Educational Clinic, Harvard University. 
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THE EFFECT OF BAROMETRIC PRESSURE ON NOCTURNAL 
MOTILITY^ 

James Page 

An intimate relationship between weather conditions and human be¬ 
havior has been suggested by several investigators (1, 2). In recent years 

^We are indebted to Di CO Cheney and Dr S E Katz for providing 
hospital facilities and subjects, 
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Petersen (5) has offered a physiological basis for this mteiiclation The 
central theme of his explanation is that changes in the nir mass require 
prompt autonomic adaptations. As n consequence of these autonomic 
reactions to atmospheiic conditions, certain physiological changes occur, 
which changes are important factors in the production and piecipitation of 
both physical and mental diseases. 

In his writings Petersen paiticularly einphasi/cs the importance of 
barometiic piessure, suggesting that manic attacks are associated with low 
barometric pressure (6) Savage’s (9) work tends to support this observa¬ 
tion. In « study of fiist admissions to a psychiatric receiving hospital, she 
found a slight excess of manic admissions on those clays when the baro¬ 
metric pressure was low* 

In more limited but more rigidly controlled experimental work, the effect 
of atmospheric conditions has been found to be loss marked than might 
be expected from the above more general studies Both Pratt (7) and 
Renshaw (8) et al, found that neither temperature nor humidity have any 
appreciable effect on human motility. 

Present Study 

In order to supplement the above tcmpcintiiie and humidity studies we 
hnve investigated the effect of barometiic pressure on nocturnal motility. 

SUDJPCTS 

In the present study we have recoidcd the motility of four women all in 
their early twenties. Each subject was studied foi from 47 to 58 nights 
Since the jimount of activity an indivitluni engages in during a night is 
dependent upon his hour of retirement and the nature of his ncilvillcs 
during the day, we attempted to standardize d.aily conditions by utilizing 
patients hospitalized at the New York State Psychiatric Institute and 
Hospital Three of the subjects were high grade morons employed m the 
hospital laundry while the lemaining subject was a behavior problem 
case None of the subjects presented any marked physical or mental dif¬ 
ficulties. 

Experimental Procedure 

Motility records were obtained by kymographicall}'® recording the bed- 
spring movements occurring fiom the time the subject retired for the 
night (9 00 p M) to the time she arose (6'00 am.) A detailed description 
of how the motility scores were obtained has already been repoited in an 
eailier study (4). Briefly we divided each of the nine hours into 12 five- 


*The kymographs were those devised by Dr II. M. Jonhson (3) We are 
indebted to Dr, Johnson for the loan of the apparatus and for his helpful 
suggestions. 
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minute inteivals. The motility scores were based on the number of five- 
minute inteivals in which some movement occurred We obtained two 
measures of motility which may be designated as “Total Moves” and 
"Major Moves ” "Total Moves" included the sum of all five-minute in¬ 
tervals in which there occurred at least one movement as great or greater 
than the quick movement of a foreaim. "Major Moves” included the sum 
of the five-minute Intervals in which there occurred a vigorous movement 
involving the entiie trunk According to this scoring method the "Major 
Moves” score is inrhided in the “Total Moves" score 

Baiometiic pressure readings were obtained from the United States 
Weather Bureau of New York City and were based on readings recorded 
at two-hour intervals from 8,00 PM to 6.00 AM, of the following day. 
With respect to Table 1, the baiometiic pressure reading was obtained by 
averaging the six readings recorded every two hours during the night and 
the change in bniometrlc pressuie scoie was obtained by substiacting the 
lowest of the six nightly readings from the highest 

Results and Conclusion3 

The present findings with respect to the effect of barometric piessure 
and barometric swings are summaiized in Table 1 It is quite apparent 


TABLE 1 

The Effect of Barosiptoic Pressure on Nocturnal Motility 




r* Mean barometric 

r'* 

Swings in bare- 



pressure 


metric pressuie 



and 



and 


No 

Major 

Total 

Major 

Total 

Subjects 

nights 

moves 

moves 

moves 

moves 

Sch 

58 

—0 02 

+0 03 

+ 0 02 

—0 08 

Yun 

56 

—0 12 

+0 04 

—0 10 


Yov 

47 

—0 19 

—019 

+ 0.08 

+0,03 

C,Tr 

5+ 

+0 06 

—0 04 

—0 07 


Average 


—0 07 

—0 04 

—0 02 

+ 0.05 


*PE for all correlations is ±0 09, 


that neither barometric pressuie noi barometric swings have any effect on 
the motility of any of the subjects 

The correlation coefficients between “Total Moves” and barometric 
piessure range fiom —0 19 to +0 04 with an average of —0 04 The cor¬ 
relation coefficients between "Total Moves" and barometric swings lange 
fiom —0.08 to +0 14 with an aveiage of +0,05 The correlation co¬ 
efficients between "Majoi Moves” and the two barometiic readings are 
equally low For all correlations, the PE is ±0 09 which means that not 
one of the 16 coirelation coefficients approaches statisticaf significance. 
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In conclusion, we may s(atc that baiometric prc^iauic plays a negligible 
role in human monlity as measured in the present study Combining this 
finding with those of other investigators (7, 8), we may conclude that 
neither barometric pressure, room tempcinture nor room humidity appear 
to have any demonstrable effect on human motility 
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THE INTELLIGENCE OF TWINS 
Ruth Byrns and James Healy 

Among the 119,850 pupils m Wisconsin high schools who were given 
an intelligence test during the school years of 1933-193+ and 1934-1935, 
there were 412 pairs of twins Of this number of 307 pairs were like-sex 
and 105 pairs were unlike-sex, 18+ pairs of the like-sex twins were girls 
and 123 pniis were boys. 

Since this was such a large number of intelligence teat scales for twins 
It was thought that it might prove of interest to compare the mental 
ability of these +12 pairs of twins with the normal intelligence of high 
school students and also to determine how closely the twins resemble 
each other in mental ability. 
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The data on which this Investigation of the intelligence of twins is 
based are a part of the material collected by the Wisconsin Cooperative 
Testing program in which the sophomores and seniors in all the public 
and private secondary schools in the state are given an intelligence test 
each year The total of 119,850 pupils who were tested represents approx¬ 
imately the entire high school population for the year 1933-1934 since 
the sophomores and the seniors were included for two succeeding years. 
The Henmon-Nelson Test of Mental Ability, Grades 8-12, Form A in 
1933'193‘}- and Form B in 1934-1935, is the teat which was used and the 
raw scores were converted into percentile scores 
The distribution of percentile scores in the intelligence test for the entire 
group of the twins, for the 368 both-girl twins, the 246 both-boy twins, 
and the 210 unlike-scx twins, and the median mental ability with the 
quartile deviation are shown on Table 1- 


TABLE 1 

DiSTRinuTioN or PBitoENriLn Scores 


Percentile 

All 

twins 

Likc-aex 

twins 

Boy 

twins 

Girl 

twins 

Unlike-sex 

twins 

90-100 

45 

30 

11 

19 

15 

30-39 

76 

54 

23 

31 

22 

70-79 

64 

48 

19 

29 

16 

60-69 

62 

43 

21 

22 

19 

50-59 

86 

58 

31 

27 

28 

40-49 

76 

62 

22 

40 

14 

30-39 

115 

90 

33 

57 

25 

20-29 

94 

66 

19 

47 

28 

10-19 

100 

74 

31 

43 

26 

0-9 

106 

89 

36 

S3 

17 

TotuJ 

824 

614 

246 

368 

210 

Q5 

66,61 

65 00 

65 95 

64 09 

70,31 

Med 

39 73 

38.66 

41 81 

3719 

46 42 

Q' 

20 00 

18 71 

18 22 

19 07 

23 39 

Q 

23 30 

23 14 

23 86 

22 51 

23 46 


That the intelligence of the entire group of twins is considerably below 
average intelligence is shown by the fact that the median of 39 73 for all 
twins IS over ten points below the normal percentile score of 50, and ten 
points lower than the percentile score of 50 for the entire group of 119,850 
Wisconsin high school pupils who were tested The medians of 38 66 
for the like-aex twins and 46 42 for the unlike-sex twins indicate that 
it IS the like-sex twins which pull down the median mental ability for 
the entile group Since whatever identical twins were in this group 
would be found among those of like-sex, and since the like-aex group 
falls so much below the unlike-scx group, the possibility is suggested that 
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the identical twins lower the median intelligence for the whole gioup, 
but there are no farts available in this study by which this may be 
ascertained Among all the groups of twins there is the full percentile 
range of mental ability, however, but the number of girl twins falling 
in the upper decile la only about half of what it would be in a normal 
group, and the number of boys in the upper decile is less than half 
of the number which would be found m any decile of a normal distiibiition. 
The number of boy twins and of girl twins in tlic lowest decile is far 
greater than in a normal group, while the number of unlike-scx twins in 
the lowest decile is somewhat lower than m a normal group 
The low ranking of the twins in comparison with the total number of 
non-twins tested is further shown by the percentage of twins who fall 
below the twenty-fifth percentile score—wheie 2S per cent of a normal 
group would he found Slightly over 30 per cent of all the twins, 32 
per cent of the likc-sex twins, and 27 per cent of the unlike-sex twins 
fell below the 25th percentile Likewise, above the 75th percentile bcore, 
where 2S per cent of a normal group would fall, are to be found only 
18 per cent of all twins, and 16 per cent of (he like-scx tavins Approx¬ 
imately 25 per cent of the unlike-sex twins have n percentile score above 
75, again showing the fact that the unlike-scx twins most closely approach 
the normal in intelligence rating. 

To determine whether the dilferences between the median psychological 
test scores of twins and non-twins, and (he di^crenccs between medians 
of like-sex and unlike-sex twins were statisticnlly reliable dilferences, 
Diff, was calculated hr each pair of medians 
^ ® dtf} 

That the difference between the median of 50 for non-twins and 39,73 
for all twins is a statistically reliable difference is shown by a Diff, 

. . . . 

of 10.37. The other calculations for the reliability of the differences be¬ 
tween medians are given in Table 2. 

TABLE 2 

Rbliadility of the Diffprbnce detwben the Medians 

Actual dilT 

Figures shown represent - 

I* ^ m 



Girl 

twins 

Boy 

twins 

Likc-sex 

twins 

Unlike-sex 

twins 

Boy twins 

1 93 




Unlike-sex twins 

3 69 

1.65 

3.33 


Non-twins 

8 71 

4.31 

9,77 

177 
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These data presented in Table 2 are given in another form in Table 3, 
which shows the chances m 100 that a true difference exists between the 
various medians 


TABLE 3 

EELIABlLiry OP TH8 DlFPERBNCB BETWEEN THE MEDIANS 
Chances m 100 that there is a true difference 



Girl 

twins 

Boy 

twins 

Like-sex 

twins 

Unlike-sex 

twins 

All 

twins 

Boy twins 

91 





Unlike-sex twins 

99 

87 

99 



Non-twins 

100 

100 

100 

89 

100 


Prom the calculations given in Table 2 and 3, it is evident that the 
differences between the median mental ability of likc-sex twins and non- 
twins and between all twins and non-twins are completely reliable It 
Is also evident that chances are 99 out of 100 that the difference in median 
mental ability between like-sex twins and unlike-sex twins is statistically 
reliable This fact again suggests the question of whether there must 
not be some factor such as the presence of identical twins among the 
like-sex twins which causes this group to fall so much below the unhke- 
sex twins in mental ability That the difference between the median 
intelligence of non-tnins and unlike-sex twins falls to 39 chances out of 
100 of being statistically reliable is another statement of the fact that the 
unlike-sex twins more closely approach the average mental ability than 
do like-sex twins, 

To determine how closely the 412 pairs of twins resemble each other 
in mental ability the percentile scores of all twins and of each group of 
twins were correlated In tallying the intelligence percentile scores on the 
scatter diagram, each pair of twins was tallied twice, the high score being 
used as the X variable and the low score as the Y variable in the ilrst 
tally, and the high score as the Y variable and the low score as the X 
variable in the second tally The coefficients of correlation which were 
found are given in Table 4 


TABLE 4 

Resemci-ancb of Twins in Intelligence 



Number 

r 

PE, 

All twins 

Like-sex 

824 

542 

016 

Boys 

246 

577 

.028 

Girls 

368 

.611 

022 

Unlike-sex 

210 

441 

.037 
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The coefficients of correlation given in Table 4 show that when twins 
are compared w>th each other in mental ability there is a positive relation¬ 
ship in both the iike-set and unlikc-aex groups, however, the iike-sex 
twins resemble each other to a gieater dcgiec in mental ability than is 
the case with unlikc-sex twins, and the girl twins resemble each other 
more closely in mental ability than do the boy twins, It is interesting to 
note that the median intelligence of girl twins is lowest and the cocfTicient 
of correlation of intelligence between girl wiiia is highest, that boy twins 
have the next lowest median in intelligence scores and when compared to 
each other, the next highest coefficient of correlation, and that the unlikc- 
sex twins rank highest in median mental ability and resemble each other 
least. This indicates that for this group of 412 pairs of twins, the twins 
who are least alike more nearly meaaure up to normal in mental ability, 
and the twins who resemble each other most in intelligence fall furthest 
below normal. 

Conclusions 

1, That the median intelligence teat peicentile score of the 412 pairs of 
twins found annong 119,S50 Wisconsin high school students was 10 27 
points lower than the normal median percentile score, but that among 
both the llke*sex and the unlike-sex twins the full percentile range m 
ability was found 

2 That the median intelligence test score of like-scx twins fell further 
below the normal median percentile score than unlike-scx twins, and that 
the pairs of gir[ twins fell further below the normal median than the pairs 
of male twins 

3 That the difference between the median of pupils who were not 
twins and the median of all twins was a statistically reliable difference, 
that the diffejence between the median of ihe like-sex twins and the non- 
twin pupils was statistically reliable, but that the dlilerence between the 
median of non-(win pupils and unl{fce-sex twins was not statistically 
reliable, 

4 That when the relation between the mental ability of each one of 
the 824 twins with his or her twin was determined by correlation, the girl 
twins resembled each other most closely, and the unlike-sex twins re¬ 
sembled each other least. 

5 That the median mental ability of the twins who resembled each 
other most closely fall furthest below the normal mental ability, and that 
the group of twins (unlike-sex) who resembled each other least was the 
group with a median that most closely approached the normal median. 

Fardham Uniuersity UnivasUy of IFisconssn 

New york City Madisan, Wisconsin 
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REPRESENTATIVE FACTORS IN THE RAT UNDER "CHANGED- 
INCENTIVE-TECHNIQUE” 

Irving Lorob and Saul B Seli4 

Tinkelpdugh (4-), using monkeys, observed a aeries of behaviors inter¬ 
preted as evidence of “representative factors standing for qualitative 
aspects of the food" The general method of Tinkelpaugh can best be 
gleaned from his exposition. “ . the experimenter displays a piece of 
banana, lowers the board and places the banana under one of the cups 
The board is then raised, and working behind it, with his hands hidden 
from the view of the monkey, the expenmenter takes the banana out and 
deposits a piece of lettuce in its place After the delay, the monkey is 
told to ‘come and get the food* She jumps down from the chair, rushes 
to the proper container and picks it up. She extends her hand to seize 
the food But her hand drops to the floor without touching it She looks 
at the lettuce, but (unless very hungry) does not touch it She looks 
around the cup and behind the board. She stands up and looks under 
and around her She picks the cup up and examines it thoroughly inside 
and out After several seconds spent searching, she gives a glance 
toward the other cup, which she has been taught not to look into, and 
then walks off to a nearby window ” 

Elliott (1) as well as Fischel (2) also report anticipation for speclilc 
rewards with rats and with goats respectively. 

The observations reported in this note arc related to the problem of 
anticipation of reward, or the representativeness of certain acts for epecifle 
foods. At the end of an experiment with irrelevant rewards (3), the 
reward of sunflower seeds was substituted for bread and milk. Three 
problem boxes were used m the experiment. The animals were given 
two trials per day per box, in the order Box Box B, Box C for 15 
successive days, and in rotated order of boxes for three additional days, 
In Box A, the rat was rewarded with freedom from confinement and 
with food when it stood up erect on its hind legs (“standup"). In Box B 
the anims] was rewarded similarly when it rubbed its iorepaws across 
Its face (“face-wash”) In Box C the animal was rewarded similarly 
when It assumed a crouching position in the center of the box (“beg") 
These three responses, originally (presumably) Irrelevant to food seeking, 
were learned in the appropriate problem boxes, the time in seconds being 
reduced from about 500 sec (average) to 2 or 3 sec. (average) 

At the conclusion of this experiment, nine rats, Bi, Bj, Bj, B#, B«, Br, 

Bs, Bg were continued in the same procedure for six trials per box (three 
days), with the exception that sunflower seeds were substituted for the 
standard incentive of whole wheat bread and milk 
The behavior observed in the new situation (sunflower seeds-reward) 
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occurred with every animal, The appropriate responses were made in 
all three problem boxes The animali on entering the problem box, im- 
mediotely made the learned response for that box and started toward 
the food cup On reaching the food cup, it stopped and sniffed around; 
then seized a sunfloHer seed, threw it aside,’ ran bach into the box; 
made the appropriate learned response again; ran to the food cup again; 
and Continued in this manner (repeating the same performance) until 
alt of the seeds (usually five or six) were thrown away 

The sunflower seeds (a food which the animal has eaten on other 
occasions) brought about behavior that was indicative of the fact that 
the learned act was a precursor for the specific reward of bread and milk. 
The behavior of the animal in running back to the problem box and there 
performing the learned act again U evidence that the learned act in 
some way represented for the rat the specific food of bread and milk, 
or that the rat anticipated the specific food of bread and milk. 

The modification of technique used in this experiment may throw con¬ 
siderable light upon the nature of incentive, and upon the nature of 
representative factors in animals Regrettably, motion pictures were not 
taken of the behavior. A new series of experiments upon this problem 
is now in progress in which motion picture records of the behavior will 
be taken. 
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SAMPLES OP STUDENTS’ ORIGINALITY 
Kate Gordon 

The charge is sometimes made that schools tend to repress the originality 
of their students. This may be true, but it seems clear that it can be 
neither proved nor disproved until we have some way to identify the 
quality m question Information on this point is really needed 
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I have no idea whether originality exists as n unitary quality, nor, if it 
does, whether it can be isolated or measured But I thought it would be 
worth while to gather some specimens of what students themselves can offer 
as samples of their own originality, so I asletl students in elementary 
psychology classes to write on the subject, under the title “The Most Original 
Thing I Ever Did,” These were the directions. 

Do your best to pick out an example of original activity in 
your past life, You may not be able to decide which is exactly 
the most original thing, but choose something which you can 
recall in a good deal of detail. Let it be something which was 
really your own, something which you did not copy from anyone 
else, and which, ao far as you know, was truly new to you 
It docs not matter how small a thing it may have been, nor does 
It matter, for the purpose of this essay, whether it was good 
or bad. 

Describe as vividly as you can the circumstances which led 
up to the event. What was the place and time and occasion 
of the idea, or the act which you performed? What was the 
purpose or necessity which it filled, if any? Give especially an 
account of the preliminary efforts and unsuccessful trials which 
you made What obstacles did you encounter, and how did you 
evade or overcome them? Whence came the successful idea? 

Was it some resurrection of relevant knowledge, or an accident 
of the environing stimuli? Set down as faithfully as you can 
the story of the most original thing you ever did 

No deffnition of orginality was given except what is implied in the above 
directions. 

From about 900 essays I chose the 10 which are given herewith They 
were selected not ns the best ten but as being typical of the whole range of 
those written, 

A 

The stimulus that aroused me to do the most original thing 
In my life, was a feeling of sympathy for a little colored girl. I 
lived in a small, country town where there was but one colored 
family Little Suzie, ten years old, was just my age and the 
One colored child She was denied most of the pleasures and 
treats that other childien enjoyed because of the poverty of her 
parents 

One year a lecture course was given in the town and one of 
the numbers was to be a moving picture. A moving picture 
was a rare treat and one that the children, especially, anticipated 
for weeks. On the night of the moving picture my mother 
handed me a season ticket and, on my request, allowed me to 
start early I set out for the town hall, in which it was to be 
held, with a thrill of expectation When I arrived at the door 
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I saw poor Suzie, longingly—almost tragically lingering on the 
outside I joyfully showed her my ticket and asked her if she 
were going She shook her head, She had no ticket. Instantly 
a feeling of connracleship sprang up between us nnd wc began 
to discuss the problem 

More children gathered on the scene and tiiey jotned in on 
the discussion. We first thought that we might be able to raise 
enough money with which to buy a ticket. A little boy had two 
cents and generously offered it. 1 had a nickel with which to 
buy candy and I was willing to contribute it But seven cents 
would not buy a ticket. We then wondered if we dared ask the 
doorkeeper to let Suzie in for notiiing but somehow wc felt 
that It would be useless to ask him We even discussed as to 
which of ua might give our ticket to Suzie. But though wc 
were willing that the other person should give up his ticket, 
none would make the sacrifice 

Suddenly I had n bright idea. 1 took Suzic around to the side 
of the hail and carefully instructed her as to the part she was 
to play Then clutching my ticket, i entered the hal), showed 
my ticket to the doorkeeper and passed on to the side near a 
window I cautiously stuck my head out of the window and 
dropped the ticket into the waiting hands of Suzic Presently 
she joined me wUh a beaming face and retuincd my ticket 

That night when I told my mother about what I liad done, 
she tried to give me a talk on honesty. But I felt that I had 
done a very kind deed in helping Suzie see the moving picture 

Q 

About three years ago I went to West Texos where I lived 
for over a year and a half on a ranch. As I had practically 
nothing to do, my aunt suggested that t earn some extra money 
for myself by raising chickens and selling eggs This idea ap¬ 
pealed to me immensely, so 1 bought three dozen hens and 
started into business 

Within four months I had something over sixty chicks which 
Were doing splendidly and upon which I anticipated making a 
nice amount of money But X was disappointed in the hens, 
they did not lay as many eggs as I had expected, In fact, 
I seldom received, more than aix or seven eggs a day when I 
should have been receiving from fifteen to eighteen 

I thought about this for a long time nnd dnilly 1 decided the 
feed hod something to do with it So I changed to .a wcJl 
advertised chicken grain mixture which claimed to be a good 
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egg food However, there was no change in the number of 
eggs laid 

The bens tliejj had a well regulated diet with plenty of 
grass and watci, so there apparently was no reason from 
that source for their not laying And while thinking about 
this I stood and watched them one afternoon 

They seemed perfectly healthy. But as I watched them I 
noticed that the majority spent all of their time just walking 
around picking at things or squatting in the dust taking sun 
baths Only a veiy few of them sciatched in the dirt for 
scattered giains of seed And suddenly ic dashed into my 
mind that several of those hens who were diligently scratching 
were ones which I knew positively to be laying It might be 
that the scratching had something to do with it. And with this 
m mind I began thinking of ways which would force all of 
the hens to scratch 

The fiist thing I did wns to build a large pen and cover 
the ground within It with gravel The chickens were then fed 
within this pen and the food mivcd In the gravel so that they 
were forced to scratch to some extent in order to get it. But 
the trouble with this method was that they could get nil of 
the grain they wanted without scratching vciy much Ncvci- 
thelcss, within three weeks the number of eggs received daily 
had advanced slightly but not as much as I desired However, 
I knew I was on the right trail, so 1 tried to think of some 
way which would make the hens aciatch a great deal for a 
little food 

It was very discouraging as I did not seem able to think of 
anything which would answer the exact purpose. But one night 
ns I was going to bed, I caught my foot in a string which ray 
young brother had tied to a box sitting on the table The jerk 
of the string opened the flap of the box to which it was tied 
and several articles dropped to the floor I picked them up 
and went on to bed without thinking anything more about it, 
Latei, however, I woke up and was unable to go to sleep again 
While lying thcie, from force of habit my mind began going 
Over ideas foi making chickens scratch and from that it wan- 
cleied on to tlie accident which had occurred before I went to 
bed I remembered what had happened when I stepped on 
the string and, suddenly without a moment’s warning, I thought 
of exactly the thing I wanted I could sec it as plainly as 
though it were standing before me. It was a long flat covered 
box with four legs like a table and stood about two and ti half 
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feet from the ground Along the bottom on either side were 
four tiny trap doors which were held on the inside by small 
springs and could be opened only by a slight pull (lom without 
Through a loop on the outside of each door a string w<!s fast¬ 
ened, the other end of which was fastened to a flat lever on 
the top of a piece of board lying on the giound It was fixed 
so that whenever a chicken stepped upon the lever the string 
wotdd tighten and open the trap door enough for a few ginins 
to fall out I knew that when the hens scratched tlicy would 
step on the levers time and time again But such a tiny 
amount of gram would fall each tune the hens would have 
to do a great deal of scratching before they had enough food 
to satisfy theirii 

Well, as soon as possible the next day, I made this box 
and put it in the chicken yard. And exactly ns I expected, the 
hens scratched and scratched evidently thinking that the grain 
was dug up fiom the ground as it appeared only when they 
did scratch. In several weeks the number of eggs increased 
and by the end of a month I was receiving the average of 
sixteen eggs a day. 

Almost a year after I made this box I saw something on 
the same order advertised in a poultry magnzinq But that 
was the first time I knew that anyone beside myself Imd ever 
thought of it 

C 

The following incident may not seem impoitant to mv reader, 
but it was of great importance to me as it saved both mother’s 
and my strength. 

Our family consists of six people, and all are very fond of 
home-made noodles Mother, like most mothers, always tried 
to please her children and pays much attention to their little 
whims Rolling dough for noodles, however, is a great task 
for her, and she is always worn out after she finishes the 
Job. I alw.iys help her when I can, hat nm gone from home 
so often, and she is left to do the work alone. I have begged 
mother not to make any more noodles, but she replied, “The 
boya arc so fond of them and I will make the dough softer" 
It woiked out fine as far as the rolling out was concerned, 
but after cutting the dough the noodles all stuck together I 
suggested more eggs for the next mess, but this mndc the 
dough much too hard and we were both worn out after the 
rolling process I surely thought mother must finally give up 
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making her noodles, but there waa still another way which 
suggested itself to me within a shoit time 

The week following one unsuccessful attempt at noodle mak¬ 
ing I took a piano lesson There were some very heavy chords 
in my solo, hut I seemed to be unable to play them loud 
enough My tcachei suggested that I lift my arm higher and 
drop ddyrn an the Iteys, as I would have more strength and 
foice by doing it that way. I tiled my chords in that manner, 
and was able to piny them as loud as requiied without any 
eilort I at once thought of our noodle problem nt home, 
did not say anything to my teacher however 

When 1 came home that day I told mother that our noodle 
problem was solved, she laughed at me but I decided to try 
my scheme. I got on top of a chair and In this way had much 
more strength and was able to roll out the whole mess alone 
without being the least fatigued Since that time 1 have dis¬ 
covered tlint you don't hove to climb on a chair, a foot-stool 
IS high enough, and I imagine I would look much better stand¬ 
ing on a foot-stool, and roiling noodles on a table, than on a 
chair. 

D 

This expciience and my consequent invention was not pxe- 
arinnged nt the time of this occurrence Through sympathy 
and pity my lenctiori turned out to he the most original thing 
I ever did 

One night ns I was working my evening hours in the Union 
Stage Depot, my nttcntlon was drawn to a solitary man This 
man's condition is almost unbelievable, he is deaf, dumb and 
blind, and one leg is amputated above the knee. He was an 
inmate at the County Fnrm Institution m Downey, Califoinia 
He had come in on the early afternoon stage before I had 
reported foi duty I had been told that he was not only helpless 
but seemed queei It didn't dawn on me that he couldn't see, 
as his eyes were very clear though expiessionless 

After a few hours had passed the man got very restless, 
and attempted to walk He had the support ot a crutch on 
the side of his disabled limb, but even that did not guide him 
in the right direction. He ernshed into the side wall and I im- 
medintefy knew that he needed aid 'When I reached his 
side he held a piece of white paper in his hand I started 
to talk to him As I touched his arm he put his left hand to 
l”s cj'ca, •tf’C" to iwj ears and moi/tb, jneaning he could not see, 
heai, nor speak. Upon reading the note he had written, I 
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found that he was waiting for a certain party who had not 
received word of his coming He had written the name, address 
and phone number of his friend, and was begging whoever 
found the note to phone this party and inform him of his 
blind friend's presence in town 1 was unable to reach his 
friend by phone "What was I to do? The poor man must 
be told that his friend could not be reached. He must be 
returned to the County Farm How was it to be done? He 
couldn't see if I did write, nor hear if I talked My third 
thought was to have some one that could use the mute language 
of the fingers But what good would this do? He couldn’t see 
Then I remembered hearing about blind people being able to 
receive communication by rubbing the fingers over raised let¬ 
ters This was my last hope. But how was I to get the sensation 
through his fingers? I brought him before the glass plate on 
my desk. Then I placed my hand over his, and using hia index 
finger as a guide, pushed it like n pencil. I formed the letters 
of each word as accurately as possible, hoping this would 
convey my message. After about six words a happy smile cnine 
over his face, and he nodded his liond in answer. He then 
clasped my hands os a sign of apprccinfjon and a great satis¬ 
faction came over me 

About an hour lotcr his friend was notified, and upon his 
orrival I discovered his way of talking, His friend would hold 
hi9 hand with the palm facing up, and with the other hand 
made certain taps. When nsked by the friend how I learnt 
his wish, I desciibed my method. He seemed astonished for 
he had never thought of this means. Upon trying it he obtained 
better results and conveyed his thoughta without any difficulty, 
and received prompt answers. 

E 

When I was thirteen I worked in a Drug Store, and my em¬ 
ployer used to let me do what I wished about the place in the 
way of arranging stock, etc 1 always wanted to decorate 
the front window, but never dared to ask the owner for the 
privilege Finally the chance came It was the week before 
Tbanfesgiving and the Druggist was going away over the iioli- 
day When he left he told me that I was in entire charge 
of the store, and providing I refrained from mixing any fatal 
prescriptions, I was at liberty to do ns I pleased. Well, here 
was my chance Such an opportunity as Thanksgiving should 
not be overlooked by a good window trimmer. So I went to 
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work, aomewhat timidly At this stage I would bring in a little 
psychology There was the window, empty. Behind me was 
n store full of pill boxes and bottles The occasion., Thanks¬ 
giving, seemed to offer excellent opportunities. Beyond that 
I h.nd no insplrntion But the occasion brought the idea to me 
Clearly it must be dccoiated in Thanksgiving dress. I brought 
a cart load of autumn leaves down from home, and while I 
was thus busied the rest of the idea formed I carted a huge 
pumpkin down, and placed it in one side of the window, with 
a laboriously punted card inscribed "YESTERDAY.” Then I 
persuaded my mother to bake s large pumpkin pie for the cause 
This, with a plate of cheese, I placed in the center and labelled 
with a card bearing the word “TODAY** Then I finished the 
window by putting on the other side, under the caption of 
"TOMORROW," an artistically arranged pile of pill boxes, 
nil bearing labels relating to stomach troubles 

No inventor ever watched his work with prouder eyes 
Every time the display drew a smile I thrilled with pride 
But that is off the subject I believe that every original work 
IS the result of some definite need The inventor feels that 
need At hist he may only see a part of the solution, and 
my illustration was meant to bring that out, but one step leads 
to another, and after he has worked with it a little while the 
whole answer comes as in a vision. 

That’s what originality is,—the ability to see things before 
they aic created. 

F 

In thinking back over my experiences 1 have discovered what 
an unoriginal person I am I seem never to have done any¬ 
thing original enough to merit being written about However, 
since necessity demands it, I am going to tell how I managed 
to save time m the making of a drooping brim buckram hat 
frame One of the requirements in millinery work, especially 
in the foundation woik, is speed I was working in a stoie 
in a town where there were no wholesale houses, and when 
we occasionally ran out of certain frames it would fall to my 
lot to make them out of buckram My employer was a good 
business woman, and an excellent saleslady, and a splendid 
judge of good work, but she was not a millinery maker The 
trimmer had gone on her summer vacation, that being the 
dull season It was at this time I had my first buckram 
frame to make, and it was a plain drooping brim. I had seen 
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trimmers copy hats by making paper patterns, They •would 
take the hat to be copied and lit tissue pnper over it with 
pins, and cut the pattern while pinned to the shape So I 
thought that would be my best method of procedure I had 
always wished to try my hand at pattern making—it looked 
so simple So 1 went thrmigli an elaborate process of pinning 
and fitting the paper on the under side of a strnw hat of the 
correct shape My work resulted in a drooping brim of rather 
uncertain droop and a badly shaped headsizc which had to be 
worked with for some time in order to give It the light shape 
When finished it was not a bad frame, but fhc time consumed 
in making it was too long I knetv I must find a quicker way 
to make a plain frame—quicker nnd with less work Nevt time 
I tried taking a fiat brim and by splitting it in four places and 
lapping the slits I knew 1 could make it tlioop But when 
the hat was coveted with silk each of the “humps” made by 
overlapping showed through the silk Then 1 had to go to 
the extra woik of padding the frame to hide die slits So 
I tiled to figure another way to meet this simple, tho tiouble* 
some pioblem At a sodn fountain another idea presented itself. 
The cone shaped paper dishee in which they serve Ice cream 
gave me a new light on the question and I decided that I could 
make the frame with a good droop and have just one slit in 
It, I took a fiat section of buckram Pan of the problem now 
facing me was to get my cticic foi my fiame nnd get the oval 
headaize in the right place in the cucU. TUU, however, 1 
had learned befote So I took a crown and with a pencil I 
diew the outline of the bottom circle and got my oval foi the 
headswe and by mcasuiing out from this oval in all directions 
at points rather close together I could diaw the outer circle 
This gave me a fiat sailor By splitting this from the head- 
size to the edge and lapping ovei as the cone had been I got 
a good dropped brim—but when I lapped it, the headsizc was 
made smaller, nnd when I had enlarged it, I had a brim which 
was too small A few days later 1 was working on a manu¬ 
factured drooping biun It had been neces'^ary for me to 
slit this brim in the back nnd insert n piece of buckram In 
ordci to enlarge the headsizc and at the same time keep the 
width of the brim the coirect size. When it was slit and 
lying on the table I accidentally put my hand on it, nnd in 
doing so I pressed it flat on the table. The shape whicli the 
frame was then thrown into—perfectly fiat with n cleft where 
I had made the slit showed me the solution of the problem, 
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for there was my patterji with the correct headsi^e, the correct 
proportions for every part. I pressed the frame flat on a piece 
of paper and made my paper pattern from it From this time 
the making of a drooping frame was the simplest matter, for 
I kept tlie pattern thus made, always on hand 

G 

It was early in the spring of 1917, on a farm in Central lown, 
where this mcklent occurred It wai a perfect spring morning 
and washday My mother had a power ■washer •which "was 
operated by a gasoline engine As my father was rushed by 
hjs spring work, I was kept home to keep the engine running 
Although I was only about twelve years of age, 1 had managed 
to take the engine apart in time of need and reassemble it so 
It would run, 

The washing had progressed nicely for about an hour when 
the engine stopped, I immediately attempted to repeat my 
past pcrfoimnnces, but to no avail. In the meantime my 
mother became impatient and I was drafted in to service to 
operate the machine by hand, but this was not a very enjoyable 
occupation especially on a perfect spring morning It was after 
nine A, M and I knew I would not have to go to school if 
I did get the engine to run, «jo it was decidedly to my advantage 
to get power to operate the engine If I could do this I 
would have the rest of the afternoon to myself 

While operating the machine I did some deep thinking I 
finally thought of the auto in the garage and how I could use 
it in operating the washing machine I told my mother of my 
plan but she was more interested in getting the washing com¬ 
pleted than of my getting out of operating the washer by hand 
While she was preparing the second tub of clothes, I ran 
the auto out and placed it in line 'with the washer, The washer 
WHS in a building sq I had to tear a board off the building 
to run the belt through. I located the auto so the belt would 
reach and then I jacked up the leai wheels and put on the 
belt I then at.irteil the motor with it in high gear The result 
was that the opposite wheel fiom the one I had the belt on 
would run and the one with the belt on would not run I then 
let the opposite wheel on the ground and tried it again 1 
had oveicomc that obstacle but the large wheel on the auto 
and the small wheel on the washer made the latio so groat 
that with the moloi running slow the washing machine ran 
altogether too fast 

My mother had been waiting on me a while and 'when I 
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failed my second attempt ahe would give me no more oppor¬ 
tunities so I had to wash a second macliine full of clothes by 
hand Jlcfore I had completed washing the second tub of 
clothes I thought of putting the belt on the hub instead of the 
wheel. By tins method I reduced the intio to such an extent 
that when the motor was running slow the machine would 
hardly lun With tins method I could operate it at any 
speed I desired by regulating the speed of the motoi, Aa the 
reault of this accomplishment I had the lest of the forenoon 
to myself and reduced my dread of washing because my possi¬ 
bilities of operating the washing machine by hand was reduced 
to one-half of what they were before my discovery, 

H 

In the summer of 191S, my parents bought a cnbin in the 
Santa Anita Canyon This enbin^ they bought from my uncle, 
which he bu/lt l» 1911, lie was not a carpenter or stone¬ 
mason by Crude, so he built hia cabin largely Co his own speci- 
flcntions and ideas, as did the majority of the other cabin 
owners in the canyon 

The cabin was made of stone and wood, and had a cement 
floor. There was only one large room, svlth a fireplace in one 
end, and a cookstove in the other The fireplace was made 
entirely of stone, and was about three and onc-half feet high, 
by about two and one-half feet wide; slightly arched at the 
fop, and was made flush witii the floor, as were the fireplaces 
m all the other cabins that I had ohserved. 

For some reason or other, ever since the cabin was built, 
the fireplace wouldn’t draw properly It had a good ^‘throat” 
in it, and there were no holes or cracks in the chimney by 
which air might enter, but nevertheless it would not draw 
My uncle complained of the same fault, and I remember that 
tile fireplace would often smoke so badly that it would be 
almost impossible for anyone to remain in the room with a large 
fire burning It seemed as though more smoke came out into 
the room than went out of the chimney, 

Many guests that we often had with us from time to time 
also witnessed the discomfort, but none were able to offer n 
method of correcting the trouble, none knew why it should 
act like this, aa in eveiy way, the fireplace was apparently 
constructed essentially on the same lines as other fireplaces 

Wc toleiated the smoke for about three ycais, until finally 
I became so disgusted, that I was deteimlned to locate the 
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trouble. So one day 1 built a small fire in the fireplace and 
closed the door, and all the windows, so that any breeze would 
not effect my experiment I then seated myself in front of 
the fire to watch the action of the smoke 

I noticed that even when the fire was built a considerable 
distance fiom the back wall of the chimney, the smoke would 
quickly move back, go straight upward parallel with the wall 
for about two and otic-half feet, and then about half of the 
smoke would come directly out into the room, the rest going 
out through the chimney 

I watched this for several minutes without drawing any 
conclusions, and finally, seeing that the amoke always went 
straight up, befoic coming out, 1 hit upon the idea of shorten¬ 
ing the opening of the fireplace, so as to make the arch come 
down a little below the point where the amoke turned away 
from its perpendicular path. But how was I to do this? I 
couldn’t pull the arch down The only way I could shorten 
the opening was to build it up from the bottom I immediately 
proceeded to do this, and with rocks and cement, built the floor 
of the fireplace up about a foot The opening of the fireplace 
was then practically square, being about two and one-half 
feet on a side, When I again built a fire in it to test it out, 
I found thnt it dicw perfectly; all the smoke going out the 
chimney as it should. 

I 

During iny fouith year m high school I was in the biggest 
play of the year Because it was the biggest play to be pre¬ 
sented that year every one in the cast felt that it must be put 
over bigger than any other one so far 

One dny while practicing on the third act which was sup¬ 
posed to be out on a deserted island the teacher called the 
cast together and said “I don’t know what we are going to 
do for a device that will give the effect of the ocean off in the 
distance It will not be seen on the stage and will be meiciv 
for effect. But this is the idea. As night falls out here on 
this lonely island and everything becomes quiet Crichton (a 
butler) IS sitting alone, smoking his pipe by a fire and over 
the file hnngs a huge kettle. The fire gives the only light on 
the stage and the only sound is the quiet mstling of bamboo 
and the bicaking of the ocean waves Now this is the con¬ 
clusion I have finally come to. Each one of you between now 
and Monday try and find some way to make a breaker effect” 
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The /text day I happened to be standing near n place where 
a cement driN'c being laid I was talking to a giil and 
was quite unaware of my surroundings I suddenly realised 
that there was n swishing siiond of breakeis being made some 
where nearby. As I turned to sec what it was 1 saw a man 
ihiowing ssnci on a wiie screen and ps the first ^ancl went 
down It made a sudden awish—resembling the breaking of the 
waves There was an idea The next thing was to work it 
out so It could be used on the stage because wc couldn’t have 
some one shovelling sand on the stage hardly, So I spent 
the next day planning. 

When Mond.'iy morning came this was my plan Have a 
large tray with a piece of tin on the bottom and boards about 
six inches deep on nil four sides, Fut some, not much medium 
coarse sand in it and then tack a piece of sciecn over the top 
of this tray. Now balance this tray on a saw Jiorse but do 
not nail it. Leave it free to move up and down. To use it 
take hold of one end up slowly and gradually faster. Then 
finally let the rest of the sand go down at once After a few 
seconds tip the other end up in the same manner as the first 
one. The slipp/ng of this coarse santl over the tin gave a 
perfect resemblance of the sound of ocean breakers This 
device was used and after the piny several people wanted to 
know how the ocean effect was made. Among these people 
was a man from one of the big (heaters here in Los Angeles 
The teacher at the head of the dramatic department told ino 
a few days ago that this man has used this device a few times 
since and it has been very successful. 

J 

A few years ago I lived in a very small villige in one of 
our most Northerly states It was one of those jerkwater towns 
that have one lawyer, one drug store and no traffic cops. I 
lived alone with my mother, a aeml'invahd, for whom 1 had 
the utmost pity and sympathy, although never totally compre¬ 
hending the nature of her malady 

A friend of mother’s, a young surgeon who had just com¬ 
pleted his studies was staying with us for a short visit At 
about this time my mother seemed to be getting wenkei and 
more nervous. Everything irritated her and she must have 
been in constant pain. Late one afternoon I was returning 
home with our guest from no extended tour of the surrounding 
hills, and entering the house, beheld my mother lying on the 
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floor and holding her abdomen in the direst agony. She could 
hardly speak, I was terrified and begged the physician to do 
something for her After a swift examination he said, "Only 
an immediate operation can save licr.’* 

Tiia only doctor lived two miles out of town, Knowing it 
would be impossible for him to arrive in less than a half 
hour, I asked our guest if he would perform the operation 
He hesitated a moment, but my mothei’s agony was so intense 
that he consented, ordeiing me to procure the surgical instru¬ 
ments case from his room 

He laid my mother on the dining room table, which had 
been covered with a clean sheet, and selected his instruments 
I stood near eager to help, watching his every move Just 
as he was ready to make the incision he examined closely 
one of the smaller instruments lie had laid out on the table 
With an air of finality ho exclaimed, "I can’t go on with the 
operation This gold instrument is nearly black from tarnish 
and disiisc li used it might cause blood poisoning, and 1 
must use it" 

Despair oveiwhclmed me momentarily. Then I pulled myself 
together with determination, telling myself that I HAD to 
think how to clean it I knew water oi the ordinary cleansers 
would not sufiicc I held my head in an effoit to create a 
way or n means Here was my mother dying beside me and 
both of us powciless to aid her Ac that moment I believe I 
cxpcilcncecl pure and pet feet concentration, for then the idea 
came 

I was then wealing braces on my teeth, heavy gold ones 
that blackened very easily and often from the acid and food 
passing into the mouth I'hcse I could make bright and shining 
by giving them a good brushing with a strong brand of tooth 
paste I had Why wouldn’t that clean any article of gold? 

I dashed after the tooth paste and brushed it vigoiously on 
the sharply tapcied piece of gold Success gladdened my heart 
for the blackness disappeared at once The instrument was 
clean and shining The suigeon proceeded with the operation 
which wos highly successful Thanks to the intense thinking 
stimulated by the fenr of losing my best fiicnd, my mother, the 
opcintion which made it possible foi her to be witli me today 
was able to be perfoimed 

In order to sec how well people would agree in judging these samples 
1 had them piinted and distributed to students in advanced classes in 
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P'iicho}ogy They were asked to rate the essays ii) order of merit for 
originality Averaging the ratinga of 391 persona gives the following 
order, from beat, 1, to worst, 10. 

1, JI. The Chicken Box 

2 I The School Play. 

3. D, The Blind Deaf Dumb Man 

4 G, The Washing Machine. 

5. H The Cabin Fire-Place 

6. J The Operation, 

7 E The Drugstore Window 

S. F. The Plat Frame. 

9 <7, The Noodles. 

10. A The Theatre Ticket. 

The reliability of this order is high. The two sections of the class 
correlated to the extent of 95 It is obvious, however, that there are 
other variables, aside from originality, present in this list of episodes For 
example, B differs from 4 in the complexity of the action as well as in 
the ethical aspect of the case and in the Uteiary forms of its presentation. 
These things may affect the rating for originality. But then, it may be 
legitimate that they should, in case ^'originality” turns out to be a vague 
honorific term for anything singular. 

As to the question, Jf'hat is oriffinnlllyf, the only contribution which 
this paper has to offer is that the term, ns used by college students in 
our group refers to something which increases as vve go up our list from 
A to D. I think the value of the essays lies in the fact that they give 
illustr.stions of thinking processes tn somewhat fresh and concrete settings 

Umversily of California, 
lor Anseht, California 


INFLUENCE OP INCENTIVES UPON INTELLIGENCE TEST SCORES 
OF SCHOOL CHILDREN 

Arthur L Benton^ 

It has been shown that motivational factors may affect the efficiency of 
peiformnnce in a variety of intellectual tasks (I, 2, 3, 5). The question of 
whether such motivational factors affect the eflicicncy of performance m 


^This investigation was carried out at the Brewster High School, Brewster, 
N y. The author is deeply indebted to Mr. H II Donley, Supervising 
Principal of the Brewster High School for his cooperation during the course 
of the investigation. 
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group intelligence testa has obvioua significaoce for the theory and practice 
of group intelligence testing. It will be recalled that Terman, In the 
general instructions for the administration of the Stanford-Binet, ennphasizes 
the necessity of securing the maximum degree of attention and effort in the 
child being tested and that lie mentions praise and encouragement as 
potent factors for keeping the child at his best level of effort (7, pp. 121- 
125) If it were to be shown that motivational factors do have an ap¬ 
preciable effect upon the efficiency of performance in group intelligence tests, 

It would indicate that such factors must be controlled if the test scores 
are to be considered valid indices of the intelligence of the children tested 
Two studies bearing directly upon this question have been reported 
Huriock (4) has reported that either praisc-encouragement or reproof as 
motivational factors were more effective in raising the scores of elementary 
school children than was mere repetition of the test The National In¬ 
telligence Test, Scale B, Form 1 for initial test and Form 2 for retest, was 
used for the Sth and 8th grade children. The Otis Intelligence Scale, 
Primary Examination, Forms A and B, were used for the 3rd grade children, 
Houever, Mailer and Zubm {6), employing the National Intelligence Test, 
Scale D, but using Form 1 for both initial test and retest, found that no 
greater gain in score was achieved by children who had been motivated 
by the promise of a prize if they bettered their relative standings on the 
second test tlian by children who were merely given the test again Each 
child in the “inccnlivc group” was informed of his relative standing on 
the test and was promised a prize if lie bcttcicd his rank on the second 
test. 

In view of the contiadictory charactei of the results of these two experi¬ 
ments, an attempt has been m.nde in the present experiment to attack this 
problem again The motivational factor has been made as stiong as pos¬ 
sible and this factor includes praise, strong encouragement, knowledge 
of results and the promise of a prize 

Mfthod 

The Otia Self-Admmistcring Test, Intermediate Examination, Form A 
was given to a gioup of children in the 7th and Sth grades Two groups of 
25 children each were formed Each child in one group was matched with 
n child in the other gioup with respect to age, score on teat, sex and grade" 

Theic were 12 boys and 13 girls in each group. The mean age of each 
gioup was 13 years, 5 months and the mean scores of tlie groups were 50 0 
and 49 8 After an interval of 28 days, the test was again administered 

"Two childicn were considered to be matched with respect to age if 
their ages did not differ by more than seven months and to be matched with 
respect to scoic on test if the scores did not diffci by more than four points. 
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To one of the groups, the control group, the test was again administered 
just as in the initial teat The children of the other group, the “Incentive” 
group, were told by the author what their relative standings on the teat 
had been and they were promised a prize if they bettered their relative 
standings on the second test. In addition to this, the school principal 
nddiesscd them, praising them for their good work and strongly urging 
them to do better on the second test The exhortation was made as strong 
as possible. 

Results 

The control group made n mean score of 50 0 on the first test and a mean 
score of 55,7 on the reteat, Thus the control group made a mean gain in 
score of S 7 points from initial test to retest The incentive group made 
a mean score of 49.8 on the first test and a mean score of 54 6 on the second 
test. Thus the incentive group made a mean gain m score of 4.8 points 
from initial test to retest. It will be seen at once that the difFcrencc in 
the gams of the two groups is extremely smnll( 9) and that it is in favor of 

the control group This difference is statistically unreliable —^*9). 

It may be concluded that there Is no significont dlifercncc In the gains of 
the two groups 

Vaiinbtlity of Scores Mailer and Zubin found m their Investigation that 
variability m score increased upon retest undei incentive conditions while it 
remained virtually the same under control conditions. The data of the 
present cxpetlmcnt have been examined with respect to this point, For 
the control group, the S.D of the distribution in the initial test was 10.4 
and the coelKcient of variation was 20,8 In the retest, the S-D. of the 
distribution was 10 0 and the coefficient of variation was 17.8 Poi the 
incentive group, the S.D of the distribution in the initial test was 9 9 
and the coefficient of variation was 19 9. In the retest, the S D of the dis¬ 
tribution was 9 6 and the coefficient of variation was 17.5. There was a 
small decrease in the variability of the scores of both groups from initial 
test to retest. 
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THE ROLE OF SENSORY ACUITY IN LEARNING AND SENSORY 
DISCRIMINATIONS' 

Edwin E, Gihselli anp Franklin M. Henry 

Althougii tli6ie has been considerable Interest regarding the role of 
sensory cues in learning, apparently the relation between the formation of a 
sensory cliscriniinatjon habit and the acuiQr of the corresponding sense has 
not been Investigated. In connection with other studies the writers have 
secured data which can be used to throw wme light on this question 
These data consist of learning scores and thresholds for a group of 32 rats 
on a problem involving proprioceptive discrimination (1), and another group 
of 22 rats on an auditory discriinination problem {2, 3) 

The proprioceptive probiem involved the disrriminntion between a run¬ 
way inclined at 20“ from the horizontal, and another with zero inclination 
After this problem had been mastered the inclination of the second runway 
was Increased step by step until the angular diilercncc between it and the 
first Was only 1“ This permitted the determination of the differential 
angular threshold In the auditory problem the animals were required to 
discriminate between a tubular alley filled with a 4000 cycle pure lone, and 
a similnr alley that was relatively silent. At the choice point the difference 
in intensity of sound in the two alleys was decibels After tlie initial 
learning the tonal intensity in the more silent alley was increased by suit¬ 
able amounts until it approached within 3 decibels of the other alley This 
made possible the measurement of the dillerenHal intensity threshold. The 
animals were then presented with the original problem, and the tonal in¬ 
tensity was reduced by successive 5 decibel steps giving a measure of the 
absolute threshold. 

Following the usual practice, the threshold for each animal was calculated 
in terms of the stimulus value that would have resulted in its discriminating 
with 75 per Cent accuracy. In computing the learning scores a criterion of 
75 per cent accuracy was also used However, all animals achieved 90 
per Cent accuracy in the original learning before the threshold determinations 
were begun. 

In the proprioceptive problem, a product-moment correlation of .31, with 
a probable error of .11, was obtained between the differential sensory 
threshold and the number of trials required to reach the criterion of 
leaining In the case of the corresponding auditory discrimination the 
correlation was found to be .36± 13. For the absolute auditory threshold 
a correlation of ,2]±.12 was obtained. 

It is seen that there is a low positive relationship between the stimulus 

‘This analysis evolved from a coovcrsatioti with Professor E. C Tolman 
concerning the relationship between learning and sensory acuity 
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THE ROLE OF SENSORY ACUITY IN LEARNING AND SENSORY 
DISCRIMINATIONS' 

Edwin E, Giuselli anp Franklin M, Henry 

Althougii tli6ie has been considerable Interest regarding the role of 
sensory cues in learning, apparently the relation between the formation of a 
sensory cliscruninatjon iiabit and the acuiQr of the corresponding sense has 
not been Investigated. In connection with other studies the writers have 
secured data which can be used to throw some light on this (juesition 
These data consist of learning scores and thresholds for a group of 32 rats 
on a problem involving proprioceptive discrimination (1), and another group 
of 22 rats on an auditory cliscriinination problem (2, 3) 

The proprioceptive problem involved the diserimination between a run¬ 
way inclined at 20“ from the horizontal, and another with zero inrlination 
After this problem had been mastered the inclination of the second runway 
was Increased step by step until the angular difference between it and the 
first Was only 1“ This permitted the determination of the differential 
angular threshold In the auditory problem the animals were required to 
discriminate between a tubular alley filled with a 4000 cycle pure lone, and 
a similnr alley that was relatively silent. At the choice point titc difference 
in intensity of sound in the two alleys was decibels After the initial 
learning the tonal intensity in the more silent alley was increased by suit¬ 
able amounts until it approached within 3 decibels of the other alley This 
made possible the measurement of the diflerentlal intensity threshold. The 
animals were then presented with the original problem, and the tonal in¬ 
tensity was reduced by successive S decibel steps giving a measure of the 
absolute threshold. 

Following the usual practice, the threshold for each animal was calculated 
in terms of the stimulus value that would have resulted in its discriminating 
with 75 per Cent accuracy. In computing the learning scores a criterion of 
75 per cent accuracy was also used However, all animals achieved 90 
per Cent accuracy in the original learning before the threshold determinations 
were begun. 

In the proprioceptive problem, a product-moment correlation of .31, with 
a probable error of .11, was obtained between the differential sensory 
threshold and the number of trials required to reach the criterion of 
leaining In the case of the corresponding auditory discrimination the 
correlation was found to be .36± 13. For the absolute auditory threshold 
a coi-relation of ,21±.12 was obtained. 

It IS seen that there is a low positive relationship between the stimulus 


‘This analysis evolved from a conversation with Professor E. C Tolman 
concerning the relationship between learning and sensory acuity 
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intensity required for a given accuracy of sensory discrimination, and the 
amount of practice required to reach this accuracy in the original learning 
of the discrimination It should be noted that m every case the stimulus 
intensity in the original learning situation was well above the highest 
individual threshold For the inclined plane discrimination, the highest dif¬ 
ference threshold wns 7 5®, while the angular difference presented during 
learning wns 20®. In the auditory discrimination the highest difference 
threshold was 9 8 decibels, while during learning a diilcrcnce of 16 deci¬ 
bels were presented The highest absolute auditory threshold was at least 
10 decibels below the intensity used during learning 

It IS quite possible that a dilTercnt magnitude of relationship would 
have been found had other stimulus intensities or sense modalities been 
used. However, in view of the fact that the two discrimination situations 
that were investigated involved widely different sense modalities, it seems 
warranted to Conclude that for discrimination problems using stimuli well 
above threshold, a low positive relation exists between sensory acuity and 
learning efficiency 
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N, R F Maier & T, C ScKMEiRLA Pumices 0 } Jlnunol Psychology New 
York. McGraw-Hill, 1935. Pp. xlii+529 

The object of willing thia book, according to the nuthora, has been to 
produce a systematic textbook which will serve the purposes of college 
courses in biology and psychology. 

The book is divided into three parts Part I presents experiments and 
theoretical views bearing upon the behavior of mfra-mammolian forms, 
with reference to a cross-sectional classification of this matciial 

Parts II and III, which constitute approximately one-half the total pre¬ 
sentation, deal exclusively with questions of mammalian behavior, on em¬ 
phasis being laid upon the topic of learning. The second pait, titled as 
a discussion of the "Prerequisites of behavior dominated by modifiability,'’ 
presents material concerning inherited activities, discriminatory reactions, 
and the relation of certain structures and functions of the nervous system 
to learning and discrimination Part III, in addition to describing in the 
last chapter certain kinds of '’higher mental processes" m mammals, cen¬ 
ters around the typical subjects of conditioned response, discrimination 
habits, problem solving, maze response, drive, and the factors influencing 
the rate of learning Integration of the material throughout is secured 
by keeping the topic of modifiability of behavior in the foreground 
Maier and Schncirla maintain consistently a mechanistic point of view 
throughout their woik, that js, an attempt is made to describe changes m 
behavior m a scientific way by reference to known facts regarding the 
structure and functions of the response mechanism It may be said that 
the entire presentation successfully avoids common fallacies of explanation 
and description in terms of phenomena which themselves arc unknown and 
incapable of being scientifically examined 
The discussion of learning and modifiability in behavior takes up by 
far the larger part of the book, and other problems arc, in general, 
subordinated to a consideration of this topic, Learning is said to exist 
either in primitive or more complex form throughout the phyletic senes, 
but no concrete definition of this phenomena is presented until the nature 
of learning in mammals is considered. In connection with the treatment of 
certain facts regarding the conditioned response, learning is alleged to 
consist in "the ability to combine (or associate) two or more contiguous 
experiences in cases in which the contiguity fa determined by the environ¬ 
ment," Problem solving, maze learning, discriminative learning, and so 
forth, differ from the conditioned response In that the reaction of the 
animal is not under the control of the experimenter, The delayed re- 
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action, rapid learning, instances of abstraction, and multiple choice arc 
considered ns not being indicative of higher mental processes or ideational 
behavior, but certain situations involving complex maze responses and the 
handling of sticks and boxes are held to necessitate “reasoning" or the 
“re*organi7ntion of experience" for their solution. Evidence is cited to 
prove that this ability depends upon an intact cerebral cortex. 

The reviewer’s criticism of the work of Maler and Schncirln involve 
the following mnin points. Fundamental concepts of "stimulus," “response,” 
“behavior," “adaptation," “integration," “learning," etc, are not clearly 
defined, and the definition of these phenomena, when given, does not arise 
out of a broad consideration of the experimental techniques and observa¬ 
tions on the basis of which they have been elucidated. This defect of a 
definitive approach to the problems discussed serves to obscure, through 
the greater part of the booki the essential points which the writers desire 
to make concerning phylogenetic changes m functional capacity The 
work IS notably lacking in regard to the consideration of facts concerning 
the phylogenetic development of the receptors snd phylogenetic differences 
in sensory capacity, altliough the concept of sensory control is utilized 
consistently throughout all parts of the book For example, the discussion 
of sensory discriininatjoii in mammals js confined almost entirely to vision 
and audition, nnd there aic similar lacunae in the treatment of the be¬ 
havior of lower forms No attempt is made to explain or to develop 
ideas regaiding behavioral ciiterin, on the basid of which phylogenetic 
differences m behavior may be qualitatively compared Nowhere in the 
book is the concept of thicshold explained, nor is the relation between 
the idea of threshold and that of functional capacity at any time elaborated. 
In addition, the treatment of the relation between neural processes and 
behavior is incomplete because of the failure to present a systematic treat¬ 
ment of the development of the nervous system and its functional prop¬ 
erties, especially in regard to such developments m higher forms The 
chapter describing the relations between neural mechanisms and behavior 
m these animals is confined almost entirely to the citation of investigations 
on the rat. 

The treatment of the mam theme of the book, the topic of learning, la 
weakened by failure to establish a cleai-ciit picture aa to the objective 
nature of this change in terms of stimulus and response, by an insufficient 
report of the quantitative material bearing upon this subject in relation 
to mammalian behavior, and by an inadequate consideration of the diversity 
of views, many contrary to opinions ot the authors, which exist in this 
field at the present time Much of the value of the last nnd longest 
chapter of the book is lost to the reviewer because the mnin point of the 
writers heic appenis to be that there is n process of reasoning in animals, 
somehow independent of learning, which has been demonstrated only 
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in the rat's performance on certain complex mazes and in the chimpanzees, 
studied by foreign investigators, which proved to be able to stack boxes 
and manipulate other objects. It seems to the reviewer that these particular 
experiments, rather than indicating a capaci^ foi response existing inde¬ 
pendently of the changes in behavior due to learning and growth, show 
very clearly how a situation, essentially familiar in various details to an 
animal, can be rearranged oibitrarily so as not to interfere with reactions 
learned under those same general conditions in the past. 

In spite of the criticisms just mentioned certain reasons may be given 
why the "Principles of Comparative Psychology” can be considered as a 
desirable addition to the present literature in that held. No other work is 
available at this time which covers the entire Held of animal behavior with 
regard to an emphasis upon teaming. In the book, the work of prior in¬ 
vestigators is, in general, accurately dcsciibed and, according to the avowed 
purposes of the text, is classi^ed in a very satisfactory manner Further¬ 
more, the writers arc to be commended for their attempt to apply some of 
our present knowledge of the response mechanism to the description of the 
antecedents of certain complex aspects of behavior and at the same time 
avoid pseudo-explanctions and speculative accounts The reviewer would 
recommend the book for the original views which it expresses regarding 
learning and modihabihty in arthropods and concerning the nature of com¬ 
plex forms of adaptation in mammals. 

Three to six selected reading references ore given at the end of each 
chapter, together with a general bibliography of six hundrd fifty-eight 
titles at the end of the book 

Karl U Smith 

University of Rochester 
Rochester, Nev) York 
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Ability, learning, 389 
Acuity, sensory, 498 
visnnl, 297 

Adjustment, peraonfility, 377 
Adult, 215 
Allport, 3^3 
Aljih/ibct beads, +97 
Anohs ctiroliiiensit, 49 
Ascendance, 363 
Altitude, 343 

Barometric, 471 
Beads, alphabet, 497 
Behavior, 161, 227 
territorial, 49 
Block models, 469 
Biain, 389 
potentials, 405 

Opstratc, 49 
Cat, 61, 239, 297 
Chnngcd-inccntlvc-iccUnique, 479 
Children, 215, 2S+, 325, 427, 451 
(leaf. 377 

scliool, 139, 411, 494 
Choice, 427 
Colliculi, 33 
Color, 427, 470 
Conditioning, 107, 437 
Constitution, 437 

Deaf, 377 
Dearborn, 470 
Development, 91 
Diagnosis, 199 
Differences, individual, 261 
Differential, 61, 470 
DllTiculty, language, 451 
Discriminanda, 249 
Discrimination, sensory, 498 
visual, 239, 297 
Dog, 437 
Dominance, 161 
Drawing, 69 

Emotion, 325 

Factor, 3, 377, 479 
Feminism, 343 
Foreleg, 107 
Form, 254, 470 
Foster, 91 


Generation, 343 
Girls, high school, 363 
Gustatory, 61 

Handwriting, 139 
Height, 267 
Hierarchy, 161 
Home, 91 

Imagery, 271 
Incentive, 494 
Individual, 261, 437 
Intelligence, 215, 315, 474, 494 
Interiinkage, 69 
Interval, spatial, 249 

Language, 451 
Leahy, 315 

Learning, 231, 249, 389, 451, +98 
part, 3 
whole, 3 
Lipid, brain, 389 
Locale, 325 

Maladjustment, 199 
Maze, 3, 227, 231, 271 
elevated, 283 
Mental, 91 
Motility, 471 
Music, 244 

Nniurc-nuriuje, 315 
Negro, 244 
Normal, 49 

Originality, 480 

Fart learning, 3 
Pattern, maze, 271 
Performance, 199, 283 
Personality, 377 
Picture, 427 
Play, 254 

Potential, brain, 405 
Preference, vocational, 4ll 
Pressure, 139, 471 
Primate, 161 

&ace, 325 
Rat, 405, 479 
white, 107, 227, 283, 389 
Ratio, weight-height, 267 



Response, conditioned, 
delayed, 227 
diifcrciUial, 61 
salivary, 437 
Retest, 283 

Snltvaxy, 437 
Score, 49+ 

ScasliorCj 244 
Sensory ucuity, +98 
discrimmation, 498 
memory, 69 
Sexual, 161 
Sheets, study, 451 
Shock, 107 
Social, 161 

Spatial interval, 249 
Speed, 139 
Stability, 325 
Stimulus, 297 
gustatory, 61 


107 Student, 480 

college, 283 
Submission, 363 

Talent, musical, 24+ 

Territorial behavior, +9 _ 

Teat, ascenclanf’c'submission, 363 
color-form, 470 
intelligence, +94 
porfoiinnncc, 199 
Seashore, 24+ 

Tost-rcicat, 283 
Training, 69, 261 
Twins, +7+ 

Variability, 139 
Vision, 3, 33, 239, 297 
Vocation, 411 

WeiElit, 267 
Whole learning, 3 



S^RtMc Mm9 ?t»K Stmy Dewurtw^ WT. 

j MvrtniHtfiturtf und lnl»liittwc »• Ut IJ’Wh 'l ■ « 

i. (Ill htdlluviiM I* ^ ^ ilBfct-WH f 

r i Jr t I. VL I »r i-jl n H u * 

* *■ irourUR x'ntt- Jwmwtww*' •"» • 

’ ssir*-^ 




